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ABSTRACT 
Title of Thesis: Cis labilization: A study of the reactions of group 6 
pentacarbonyl phosphido anions. 
Name: Matthew J.  Madigan 
Thesis directed by: Dr. Richard L. Keiter 
The synthesis of cis-(OC)4M(PPh2H)L (M=Cr,Mo,W; L==PPh3,PPh2Et, 
PPhEt2,PEt3) can be achieved by treating (OC)5MPPh2H with potassium 
tert-butoxide in the presence of L. 
KOBu-t 
• . ) cis- (OC) 4M (PPh2H) L 
THF 
The products are easily isolated and are not contaminated with trans 
isomers. Obtained as a minor·product is [(OC)4MPPh2]2• 
The reaction of (OC)5WPPh2H with potassium tert-butoxide generates 
[(OC)5WPPh2] which reacts with (OC)5WPPh2H to give [(OC)5WPPh2W(C0)5]-,. 
[(OC)5'1'1PPh2W(C0)4PPh2H]- and ((OC)4W PPh2]2
-. We envision the following 
scheme to account for the observed results. 
L 
) 
-CO 
) 
[(OC)4WPPh2]2 
.. 
�.f&·\__} 1 - '.;.Ji 
-A"1()4ci,7 
+ 
as PPN salts. The latter complex is very stable in a variety of sol-
vents over a long period of time and is not sensitive to oxygen. The 
former complex is air stable but slowly decomposes in solution. The 
-
- + dianion [(OC)4WPPh2]2 was isolated as the K salt. This anion is ex-
tremely air sensitive and is oxidized by molecular oxygen to [(OC)4WPPh2]2. 
Th 1 h · d by 31P d I R  e comp exes were c aracterize nmr an spectroscopy. 
31P chemical shifts of the anions are upfield from the reference H3Po4 
while that of the oxidized product is far downfield. Thus the chemical 
shift is diagnostic for the presence or absence of a metal-metal bond 
in these systems . .  
ii 
"One sometimes finds what one is not looking for" 
Sir Alexander Fleming 
"The exact contrary of what is generally believed 
is often the truth." 
Jean De La Bruyere 
iii 
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Introduction 
Extens ive work has been performed in the l ast two decade s in 
1 the area of subst ituted metal carbonyl s .  Some phosph ine  der ivat ive s 
of metal carbonyl comp l exes have been demonstrated  to have important 
and unusual chemical  propert ies  in such area s  as  homogeneous  hydro-
. 2 f 
3 
d . f. . 4 genat 1on , oxygen tran s  er , an n itrogen 1xat 1on In th is  research 
we have been interested in the react ion s of phosph ines  with subst ituted 
hexacarbony l s  of group 6B metal s .  In part icul ar , our effort s have 
been directed toward the synthes i s  of new meta l  compl exe s  that conta in 
both secondary and t ert iary phosphines . 1hese may be  formu l ated  as  
[ (OC) 4M(PPh2H) (PR3) where M = W; PR3 = P Ph3 , PPh2Et , PPhEt2 , and  PEt3; 
and<M= Cr , Mo and PR3 = PPh3] . 
. i 
� .. .. Disubst ituted der ivat ives of group 6B hexacarbony l s  can have 
c is and trans  geometrical configurat ion s . 
L 
oc�lpL 
... M, 
oc1''1 I . ...,, co 
c 
0 
c is trans 
In general  synthet ic approaches  l ead  to a mixture of the two i somers 
and it is  des irab l e  to  deve l op methods which g ive rise to the i somer 
of cho ic e . In the past there has been two ma in route s to  the phosph ine 
subst itut ed carbonyl s  of group 6B  metal s .  Carbon monoxide may be  
thermally di sp l aced  from M (CO) 6 with a phosphine in a h igh boil ing  
solvent , or  in a sea l e d  tube in the ab sence of a solvent . 1he second 
route invo l ve s  photolysis  of the metal carbonyl  in the presence of a 
phosph in e . I t  is  al so pos s ib l e  in some in stances  to displace a 
2 
subst ituent of a part ial ly sub st ituted  metal  carbonyl . These methods 
wi l l  be i l lustrated in the fo llowing review of the l iterature and 
problems assoc iated with these methods wi l l be discus sed . A maj or 
difficulty i s  the fa i lure of any part icu l ar method to  produce c i s -
subst ituted product s for each o f  the group 6B metals . 
The preparat ion of cis-M (C0) 4L2 is  not a tr ivia l task , espec ially 
if L i s  a phosphine with s ign ificant steric requirement s or if M = W .  
Often the c is species isomerizes  thermal l y  to  the trans  isomer . Th is  
is  part icu l arly  true when harsh condit ions  are emp l oyed . For exampl e ,  
the react ion of M (C0) 6 (M = Cr , Mo ) with two mol e s  of L in reflux ing 
diglyme affords the trans  isomer of M (C0) 4L2 when L is P (OPh ) 3 , P Ph3 , 
5 or P (OBu) 3 . If the steric requ irement of  L is  l es sened a mix ture of 
6 c i s  and trans isomers result s .  Sun reported that when L = PPh 2CH:CH2 
a mixture of mono , c i s , and tran s was obtained , but when L = PPh2H 
on ly the cis  product in yiel ds of 2 5%  was obtained . The isomer i zat ion 
prob l em is  not surprising given the !ab i l ity of the comp l exes  under 
the condit ions  of the react ion . For examp l e , if c i s -Mo (C0)4 [ PPh3 ] 2 i s  
refluxed in toluene  for 30 minute s , a 70% convers ion t o  the tran s isomer 
i s  achieved . 7 Grim8 reported the preparat ion of  c i s -Mo [PPh3 ] [ PBu2Ph ] (C0)4 
in 1 8 %  yie l d  from the diglyme react ion of Mo (C0) 5PPh3 and PBu2Ph . No 
cis product was obta ined for the tungsten anal ogue for th is react ion . 
Chatt and Wat son9 prepared c i s - (OC) i1 [ PEtlhl 2 (M = C r ,  Mo , W) in an 
average y ie l d  of 6 7 %  by heating M (C0) 6 and PEt 2Ph at 1 5 0 °  for e ight 
hours in a sea l ed evacuated tube in the absence of any solvent . Bulk ier 
phosphines , however , l ed to  tran s format ion rather than c is . 
As can be seen from the above discu s s ion , the method of re-
fluxing the metal carbonyl with a l igand may be  suitable for the 
3 
preparat ion of c i s  subst ituted derivat ive s . In most cases  the de s ired 
produc t is  obtained as  a mixture of isomers . Th i s  dictate s  that the 
produc t must be separated from the by-product s ,  wh ich can be a l engthy 
process . The method i s  not useful for c is comp l exes  of the type 
W (C0) 4LL ' . For M (C0) 4LL' (M = C r ,  Mo) , the method has been used but 
separat ion of l igand scramb l ing product s  must be  made . Thi s  is  exemp l i -
fied by the react ion of Mo (C0) 5P (OCH2 ) 3CEt with P (OMe) 3 i n  reflux ing 
methy lcyc l ohexane . Verkade 10  isol ated cis - and tran s -
(OC ) 4Mo[P (OMe ) 3 ] [P (OCH2 ) 3CEt ] , c i s - and tran s - (OC ) 4Mo[P (OMe) 3 ] 2 and 
tran s - (OC)4Mo[P (OCH2 ) fEt ] 2• 
One of the most  common l y  used syntheses  wh ich operates under 
mi lder condit ions  invo l ves  the sub s t itut ion reac t ion of M (C0) 4 (NBD) 
(NBD = norborndiene)  with two equival ents  of a l igand . 1 1  A typ ica l  
react ion i s  carried out by  st irring  M (C0)4 (NBD)  with l igand at  room 
temperature for two hours . The maj ority of the work done by th is  
method was with e ither chromium or  molybdenum . A drawback of  thi s  method 
for the synthes i s  of tungsten compl exe s  is  the l engthy process  of 
obta in ing W(CO) 4 (NBD) . 
1 2 
reflux 
40 hr 
hexane 
) W (C0) 4NBD 16  hr 
Attempts  to prepare c i s -W (C0) 4L2 comp l exes  from W (C0) 4 (NBD) a l so  g ive s 
a mixture of isomers  as  in the case  reported by Schumann 13 for the 
4 
14 Dob son reported a s imil ar type of react ion for the preparation 
of (OC ) 4W[P (0Et ) 3 ] 2• He ut il i zed 2 , 2 , 7 , 7-tetramethy l - 3 , 6 -dith ioc t ane 
as a l eaving group . Mixtures of c i s  and trans isomers were obtained . 
1 5  Klanberg reported the use of [ (OC ) 4M (BiI8 ) ]  (M = Cr ,  Mo , W) in 
preparing the c i s  isomer with no ment ion of procedure or.y ie l ds .  
7 Instead of using a che l at ing l igand Darensbourg prepared 
c i s -Mo (C0) 4L2 ( L  = PCy2Ph , Pn -Bu3 , PMelh ,  PMePh2 , PPh3 , POPh3) in yie l ds 
of 50% from the react ion of 2L with c i s -Mo (C0) 4[NHC5H1 0]2 . As in the 
previously  ment ioned procedures , attempts  to prepare the pure tungsten 
anal ogue were not successful . The react ion of c i s -W (CO) 4 [NHC5I\ 0] 2 
with 2L l ed to the format ion of a mixture of the c i s  and tran s isomers 
of  (OC ) 4WL2 . Peterson
16 displac ed the aceton itr ile l igands of c i s ­
(OC ) 4W (CH3CN) 2 t o  prepare c i s -tetracarbonylb�s (3 , 5 - dimethy l pyra zolyl­
dipheny lphosphintJtungsten (O) and did  not observe formation of the tran s  
isomer . However ,  format ion of c i s - (C0) 4W (CIIfN) 2 i s  not stra ight 
forward . I t  has been shown in Ke iter's l ab 1 7 that a l arge amount of 
fac - (OC ) 3W (CH3CN ) 3 is  formed in the synthe s i s . 
18 Chatt devel oped a method wh ich convert s the hexacarbonyl 
into the tetracarbonyl derivat ive in one step . The method invo l ves  
the reac t ion of NaBH4 , M (C0) 6 an d L in reflux ing ethanol . When the 
incoming l igands were ars ines (AsPh3 and AsEt3) , l ow y ie l ds of c is ­
M (C0)4L2 (M = Cr, Mo , W) were obtained . If L was PPh3 or PEt3 , the 
c i s-geometry was not obtained . Instead , the produc t s  were e ither the 
trans or the fac ial isomer . 
Hui and Shaw19  prepared c is - (OC ) 4Mo (PPh3)2 by a two -phase  system 
from Mo (C0) 6 and PPh3• I t  con s isted  of 50%  ben zene and an aqueous 
sodium hydrox ide solution wh ich contained tetra-n -butylarnmon ium iodine 
s 
as a phase tran sfer catalyst . Attempt s to  prepare c i s-subst ituted 
tungsten compl exe s  with this method were not successfu l . 
The preparat ions  d iscussed above have a lmost exclus ively dea l t 
with disubstituted derivat ives which c ontain on ly  one type of phosphine . 
It is pos s ible  to  use some of the methods to  prepare compl exes of the 
type t,�(CO) 4LL' but for most poor y ie l ds wou l d  be pred icted . For 
exampl e ,  Daren sbourg ' s  method coul d be used as i l lus trated  in the 
fol l owing scheme , but a mixture of i somers wou l d  undoubtedly resul t .  
This woul d require separat ion after steps two and three . 
( 1 )  M(C0)6 + 
+ 
+ 
If  metal  carbonyls of the type c i s -M(C0) 4LL' are des ired another 
20 avenue of preparat ion mu st be ut i l ized . Darensbourg reported perhap s 
the most  potent ial ly succe s sful  method in the early seventie s .  The 
photochemical  react ions of M (CO) 5L with L' ( L , L' = PPh3, NHC5I\o• 
NC5H5) gave yiel ds of up t o  70% of c i s -M(C0) 4(PPh3)2 and 
cis-M(C0)4(PPh3)(NHC5H10) (M = Mo , W). 
M(C0)5L + L '  ��F) c i s -M (CO) 4 LL ' 
The trans i somer was present a s  a 1 0 %  impurity in W(C0)4[P .Ph 3]2• 
The proc edure was not succe ssful  for chromium derivat ives . Darensbourg 
did not report the preparat ion of any mixed phosph ine s c omplexes . 
However , it has been shown in th is  l ab 1 7  (vide . infra) that this pro-
cedure appears to b e  su itable  for the preparat ion of mixed phosph ine 
complexes . 
6 
A novel approach for the synthes i s  of mixed l igand  metal  
2 1  carbonyl s  was proposed by Schenk In th is  synthesis ,  the start ing 
material  was a trans  sub stituted metal carbonyl where both the l igands 
were the same . Through a series of react ion s the des ired complex was 
obtained . Th is is  i l l ustrated in the fol l owing sequence of react ion s: 
+ 
+ P Ph 3 
2 5 ° 
hexane ) c is- (OC ) 4W[P-i_-pr ] [P (Ph) 3] 
74 % c i s  
1 6 %  trans 
Both the Daren sbourg and the Schenk methods produce c i s- (OC ) 4W L L' in 
reasonab l e  y iel ds and min imize i somerizat ion . In most cases the separa -
tion of isomers was ach ieved by co lumn chromatography . 
Three new approaches  appeared  in 1979. Two of these showed 
the feasib i lity of preparing  c is isomers by a base promoted route . In 
April , Treichel and Wong22 pub l i shed  two routes for the preparation of 
c is - (OC ) 4M (PR2H) (PR3) complexes . The f irst invo l ved butyl l ithium, as 
shown in the fo l l owing scheme. 
1 equiv . - RCl c i s-M (CO) 4 (PPh2H) z-------) [M (CO)  4 (PRil) (PR2) ]  ---�) Bu Li  
This reaction proceeded to g ive y ie l ds of 50 - 70% , depending on  the 
choice of al lyl  halide . There was no ment ion qf the isomerizat ion 
prob lem that p lagues other methods of preparat ion . 23  The other rout e ,  
deve l oped by Tre ichel  was an improvement on the react ion 
7 
24 which was first invest igated by All en and Barett  • The reac tion sequence 
was as  fol l ows: 
PPh2H 
) [Et 4N] [M (CO) 4 (PPh 2H) C l ]  
PPhzCH :::: CH2 
AgN03 
c i s -M (CO) 4 (PPh2H)  (P  Ph 2CH:::: CH2 ) 
The s i lver n itrate ac ts  as  a hal ide acceptor . Th is  a l l ows the react ion 
to be carr ied out at a l ower temperature ( 25°) thus increas ing the se l ec -
t ivity for the des ired product . The drawback of this method is the 
instab i l ity of the Et4N[M(C0) 4 (PPh2H) C l ]  comp l ex .  
The other base promoted method was published in May of 1979 by 
Keiter and coworkers . 25  In their study on contro l l ing the number of 
metal sites  to wh ich a di (tertiary pho sph ine )  can coordinat e the fo l l owing 
react ion was expected to proceed : 
(OC ) 5WPPh2H + KOBu-t ) 
The che lated product, (OC ) 4W [ PPh2cH2cH2PPh 2 ] was i so l ated rather than 
the unidentate diphos comp l ex .  Th i s  was rat iona l i zed by the fol l owing 
proposed mechanism . 
+ 
(OC) 5WPPh; + 
8 
+ HOBu-t 
/PPh; 
PPhlH=CH2-7 cis-(OC) 4 w, 
PPh2CH=CH2 
Ph2 
/
p --- CH _H_o _Bu_-_ t_) (OC) 4 w I 
2 
'-..
p ---- CH2 
Ph2 
+ CO ---�) 
Labilization of the carbonyl cis to the phosphine is well documented 
20 in the literature. The Darensbourgs reported that the equatorial 
carbonyl is preferentially labeled in the photochemical reactions of 
M(C0)5P Ph 3(M =Mo or W) with 
13
co. Brown
26 postulated a "site 
preference" model to explain a considerable body of kinetic data. The 
model proposes that in octahedral metal carbonyls of the type M(C0)5L, 
where L is a poorer acceptor of metallic dn electron density than CO, 
the substituent cis to L will be labilized. If Keiter's proposed 
mechanism is correct, one would expect the following reaction to proceed 
to the cis product and stop at that point since chelation is not 
possible. 
+ 
KOBu-t 
-----+) cis- (OC) 4 W(PPh2H] PPh3 
A 58% yield of cis- (OC)4W [P Ph 2H][P(Ph)3] was obtained and significantly 
was not accompanied by isomerization. Comparing this method for obtain-
ing mixed cis isomers to other procedures suggested that the reaction 
should be further investigated. The absence of isomerization as compared 
9 
to 1 0 - 25% product ion of tran s i somer in other reactions was encourag ing . 
Tre iche l ' s  method i s  exce l l ent  for the preparat ion of c i s- (OC) 4MoLL' 
I 
but his work did not inc l ude tungsten . I t  has been shown in earl ier 
examp l e s  that methods that are capable of  produc ing c is - (OC) 4MoL2 
compl exe s present difficu l t ies  when the metal i s  tungsten . 
The purpose of th is  research wa s to  examine Keiter·, s method of 
preparat ion of (OC ) 4MLL ' compounds . In the first attempt at the 
reac t ion, a red compound formed as  we l l  as  the des ired product . 
This was ident ified as  di -µ-diphenylpho sph ido -b i s  tetracarbonyl 
tungsten ]  ( I ) . 
I 
This  made the super iority of the method appear dub ious . Instead of 
separat ing c is from trans, a separat ion of c is from I was neces sary . 
It was discovered, however, that the degree of produc t ion of I c oul d 
be contro l l ed by control ling the rat io of the starting meteria l s .  
2 7  Bridging phosphido metal  carbonyl compl exes have been known 
for the l ast twenty years . In the ear l y  sixt ies  Hayter pub l i shed an 
eight-part series ent it l ed "Phosphorus -and Arsenic -bridged Complexes 
28 of Metal  Carbonyl s ." A few of the bridg ing phosphido meta l  carbonyl 
. 29- 31 complexes reported by Hayter are presented bel ow ( I I  - VI). 
1 0  . 
I I  I I I  
M = Mo, W R = Me, Ph 
IV v 
VI 
1 1  
In 1964 whi l e  in the Un ited States, Hayter reported the synthe s i s  
of bridging phosphido comp l exes o f  group 6B  tetracarbonyl s  (V I Ia)  which 
are s im i lar to ( I ) . 32  At the same t ime Chat t, work ing independently  in 
Engl and, reported the first synthes i s  of (I ) and s imilar compounds (VIIb) . 33  
a )  Hayter 
/�  (OC) M M (CO) n " / n 
p 
R2 
b )  Chatt  
M = Cr , Mo, W; R = Me ; n = 4 M = Fe; 
M = Cr; 
M = Mo, 
(VI I )  
R 
R 
W; 
= Me; n = 3 
= Me, Et; n = 4 
R = Ph, Et; n = 4 
The synthetic route s  used by the two groups were almost  ident ical . Typ ical 
react ion s are shown in the fo l l owing  schemes: 
Hayter Me2 p 
refluxing dig!yme) (OC) W/ ""W(CO) 
1 6  hr 
4 
"' / 
4 
p 
Me2 
( 20 ) % 
12 
Chatt 
seal ed carius  tube 
2 W (C0) 6 + 250° for 40 hr > 
Another type preparation that produces a bridged c omp l ex was reported 
by Chatt.34 This i s  exempl ified by the pyrolysis  of (OC ) 5M-Pl1e4-M(C0) 5 
[M = Cr, Mo, W] in a sea l e d  tube to  produce the bridg ing compound with 
the struc ture of (V I I ) . In contrast to these therma l methods for the 
product ion of I is a route provided by Treichel . 35  Irrad iat ion of 
W(CO) S (PPhi!J with ul travio l et produced ( I )  and HPh2 (OC )  3W[PPh2] 2W (CO ) 4. 
This synthet ic route does  not work for chromium or molybdeum . The 
highest reported y ie l d  of I from any of the above procedure s  i s  28%. 
While the phosphido complexes of the s ixt ies  bel onged to  Chatt  
and Hayter, the sevent ies definitely  bel ong to Heinrich Vahrenkamp . In 
41 . 1 . 36 . 1 d "0 11·· L . B II h d a art ic e series ent1t  e rganometai 1c ewis a se s  t.at spanne 
the ent ire decade, he reported the syntheses and studies of many 
� 
organometa l l ic compounds . Some of these compounds were phosphido and 
arsido bridged compl exes . A sma l l samp l ing  of these comp l exes i s  
il lustrated be low (VI I I  - X I I ) .
3 7 -4 1 
13 
M,M ' = Cr , Mo, W 
VII I  
x 
(Me)2 
M,M'= Cr , Mo, W 
XI  
oc /p' co 
' � ./ Ni · Ni'-.. 
oc
/ � / co 
p 
IX  
(Me ) 2 
(C0) 5Cr-As-M' 
M' = Mo (C0) 5c5H5 
W (C0) 5C5H5 
Fe(C0) 2C5H5 
Mn (CO) S 
Re (CO) s 
Co (C0) 4 
X I I  
1 4  
Various methods were ut i l i zed to  obta in the bridg ing spec ies . The 
fol l owin g  reaction s  are not meant t o  be an inc l us ive list but a 
representat ive one .  
2 250
° 
--�) (X I )  
(2 ) 
2 .  (OC )  5CrAs (Me) 2C l . 
+ NaM' ) X I I  
3. (OC) 5M-E (Me) 2 - SnMe3 
(OC) 5�·1-EMe2C l  
2 
250° 
Me2E 1 C l  
-Me3SnCl 
�CH� ' SnMe 3 2. 3 
... Me3SnC l  
) 
) 
E,E' = P, As M,M' = Cr, Mo , W 
+ co 
(OC )�MEMe2E1Me2 
� 
) 
1 
(1) 
(OC )  5MEHe2 _E 1}1e2M" (CO) S 
2 
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At one time it  was postulat ed that VII ma y have e ither a 
fol ded
33
1
4 2 
or a p l anar
32 
structure . The two possib l e  struc tures  are 
il lustrated in below • .  
,'�-
/ :� 
co �\' 
co 
. c 
The fol ded mode l was based on the fac t that Fe2 (C0) 6 (SEt ) 2 had been shown 
4 3 
to have a fol ded structure. Al so compounds.of the type as i l lust rated  
in VII have dipol e  moment s with a val ue about 1 D ,  sugge s ting a c ertain 
degree of  fol ding . The p l anar model was based on a NMR study of  
3 2  
[W (C0) 4PMe2J2 performed b y  Hayter . He postul ated that t h e  symmet rical 
struc ture of the planar model shoul d give rise to one s ignal for the 
methyl group s . This  was in agreement with the resul t s  he observe d . The 
question of the proper structu re wa s fina l l y resolved in 1 97 1
44 
when the 
crystal sructure of [ (OC) 4MPEt 2 ] 2 (M =Mo, W) was pub l ishe d . The results 
showed that VII consists of two distorted octahedra j o in ed b y a common 
edge . The metal atoms , the phosporus atoms and four of the carbonyl groups 
are coplanar. 4 5  Vahrenkamp has also done crystal structures o f  complexes 
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of the type VI I .  He report ed [ (OC)4CrAsMe2 ] 2 and [(OC)4MPMe2J2 (M = Mn , C r , V) 
all of which were p l anar . 
There has been litt l e  work done with phosphido bridged species 
after they have been synthesize d . Earl y  work indicated that 
46 [Mo (C0)4PMe 2]2 was capab l e  of cata l y zing the production of urethan e . 
Substitution react ions have been performe d where one carbonyl on either 
. 42 4 7 48 one or both meta l s  has been replac ed  by a t ertiary phosphine. ' • 
Both photchemica l  and thermal methods have b een emp l oyed and the degree 
of substitution depends on the reac tion conditions. Using the photo-
chemical method , Thompson produc e d  a tetrairon complex (XIII) by ultraviol et 
(XI I I ) 
When this wa s tried with mol ybdeum the outcome was the che l ated product 
(XIV) . 
(Me ) 2 (Ph)2 
(XIV) 
/ 
17 
In our work , att empts to iso late  intermediates which l ed to  I 
have been initiated . Some of the anionic intermediate s that may b e  
formed are (XV). 
co 
co"-... I /P(Ph)2 
w 
oc / J "-co 
c 
0 
(a) 
xv 
(Ph)2 
p /""' 
(OC) 4W W(C0) 4 
""p / 
( Ph ) 2 
(b ) 
This i s  not without precedent in the l iterature. Eb sworth
49 reported the 
isol ation of K[PH2Mo(C0) 5] as  a yellow so l id from the fo llowing reaction: 
+ + 
50 Hayter attempted to iso l ate (XVI) as a perch l orate or tetraphenylborat e 
sal t but fail ed . A cor.iplex (XVII), with a singl e phosphido b r idge , which 
contained  Fe in the diva l ent state was isol ated . 
l. .+ � 
�/:�;v 
R2 
� /p"' /co 
oc/
Fe
�/�o 
Fe Fe oc_.........I �
"co 
co 
R2 
XVI XVII 
18 
The dianion (XVb) has been reported in the literature . 51 It has been 
produced in solution by elec trochemical methods and IR an d 1H NMR studies 
have been performed on the solution . I t  has never been isol ated as a 
salt due to  its rapid oxidation to the species c ontaining the metal -meta l 
bond (I ) . 
We chose to  use the bis (triphenyl phosphine) iminium ion (XVI II) 
(PPN+) as our counter cation in our attempts to stabi l i ze the anions 
(XV) . This can be purchased a s  the chloride sa l t  or synthesized with a 
· a  h · f · 5
2 
w1 e c 01ce o anion s .  
XVIII 
The succ ess of this ion for the preparation of stab l e  salts seems to be 
due to two factors . 1be positive charge of the cation is we l l distributed 
in the triphenylphosphin e moiety53 causing the cation to  have a n egl igible 
polari zin g effec t . The major advantage results in its exc eptional  hydro -
phobic nature . This resul t s  in no decomposition of potentia l l y  unstable 
anion s due to the presence of water mo l ecule s . In a short series entit l ed 
"Chemistry of dinuc l ear carbonyl anions" Ruff5
4 
report ed on various metal 
carbonyl s  of the type [M (CO) 5L ]  [PPN] and [ (OC) 5M-L-M(CO) 5 ] (PPN ] where 
M =Cr , Mo , W and L = SCF-, SCH3 - ,  S (C6H5 )
- , CN- , NC S - , I - . 
Experimental 
A. General Cons ideration 
All reactions were carried out under a n itrogen atmosphere. Tetra-
hydrafuron was dr ied by reflux ing over sodium/ben zophenone in a njtrogen 
atmosphere and was fre shly dist illed as needed. Elevated t emperature s 
of reaction s were achieved by an oil bath controll ed by a Var iac. 
The expanded carbonyl reg ion (2100-1700 cm-1) of the infrared 
spectra was recorded using a Perk in-Elmer 337 infrared spectrometer 
equipped with a Beckman-10" recorder. They are con s idered t o  be acc urate 
- 1  to ±2 cm . All spectra were obtained in solution us ing a �od ium chlor ide 
liquid c el l  with a sample thickn e s s  of 0 .1 mm .  Polystyrene was used 
for the calibration of the spectra. 
Phosphorus-31 magnetic resonance spectra were ob t a ined from 
either Mr. Lewis W. Cary at Nic olet or the 1:Jn iversity of Ill in ois. The 
31 P spectra were recorded at 40.5 �Il1 z on a Varian spec trometer , equ ipped 
with Fourier transform and and a pulsed deuterium lock. 31 TI1e P-ll 
coupling was e l iminated  us ing a broad band 'H noise  modu l ated decoup l er. 
Phosphoric acid (85%) in a 1.0 mm capillary was used  as an ext e rnal 
reference. The solven t varied depending upon the sample. 
Prot on nuclear magnet ic resonance measurement s  were made on a 
Varian spectrometer  at 350 MHz, using TMS as an int eral standard. 
All melting and decomposition p o in t s  were obtained on an Arthur 
H. Thomas mel ting point apparatus. They all are reported  uncorrec ted. 
Analyse s  were performed by Galbraith Laboratories, Knoxville , Tennes s e e. 
Tungsten hexacarbonyl , mol yb denum hexacarbonyl , chromium hexacar-
bonyl , diphenylphosphine , diphenylethylphosphine, phenyldiethyl pho sphine , 
and triethylphosphine were purchased from Pressure Chemical Company. 
Bis (triphenyl phosphoranyli dene)amrnonium chloride was obtained from Aldrich 
19 
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Chemical  Company . Triphenyl phosph ine and a l l sol vent s were obtained 
from various conunerc ial  supp l iers . Al l materia l s ,  with the exc ept ion of  
THF , were used  without further purificat ion . Al l substituted  meta l 
carbonyl s  were prepared by the author with the except ion of pentacarbonyl -
diphcnylphosphinemol ybdenum (O) . Th is compound was a g ift from Ms . Susan 
L. Kaiser . 
B. Preparat ion of Meta l CoCTplexes 
( 1 )  Preparation of  pentacarbonyldiphenylphosph inetungsten (O), 
(OC ) 5wP Ph 2H 
Th is c ompound was prepared by the n:ethod of Strohmier . 56 In a 
quart z reac t ion vesse l ,  tungstenhexacarbonyl (6 .0g , 17 mmo l c ) and 200 ml 
of dried THF was irrad iat ed with ul traviol et l ight for one hour . A 
Hanovia h igh pres sure quart z mercury vapor l amp was used  for the ultra -
viol et l ight source . After the irradiat ion period , diphenylphosphine 
(3 .0m l , 17 mmol e ) was inj ected d irec t l y  into the ves s e l  by means of a 
syringe . The so lut ion was then a l l owed t o  st ir for one hour . The solvent 
was removed w ith a rotary evaporator resul t ing in yel l ow-white crystals . 
Recrystal l i zation from a dichl oromethane (5 ml ) an d methanol  ( 5  ml ) 
mixture gave white crystal s  of  (OC ) 5W(P Ph 2H) (8 . lg ,  16 mmol e ,  94 %)  
with a mel t ing point range of 9 0° - 92°C ( l it 57 mp 90° - 92 ° C ) . 
(2 ) Preparat ion of  pentacarbony l diphenyl phosphinechromium (O) , 
(OC ) 5CrPPh2H 
Th i s  compound was prepared in a manner ana l ogous to  the synthes i s  
of (OC ) 5WPPh2H .  The reac t ion between chromium hexacarbonyl (4 . 0g ,  
18 . 2 mmole)  and dipheny l phosphine  ( 2 . 2  ml , 1 2 . 6 mmol e ) re sul t ed in wh ite 
crystal s o f  (OC ) 5CrPPh2H (2 . 20g , 6 . 28 mmol e1 SO%)  with a mel t ing p o int  
range of 62 ° -64 °C ( l it5 7  mp 5 5 ° -6 5 ° ) .  
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(3) Preparation of c i s -tetracarbonyl{<lipheny lphosphinq(tricthylphosphine) 
tungste:-o (0) , c i s - (OC)  4WPPh2II ( PEt3 ) 
To a reflux ing  solut ion of dry THF ( 25 ml ) conta ining triethy l -
phosphine (0 . 20 ml , 1 . 3 mmol ) and potass ium·tcrt.butoxidc (0 . 2 1  g, 1.8 mmo l )  
a THF solution of  pentacarbonyl diphcny lphosph ine tungst en (0) ( 1 .00 g ,  
1 . 96 mrnol )  was added dropwisc over a one hour period . Upon addit ion , the 
solut ion in the react ion f lask turned from c o l orl e s s  to yel l ow .  After 
the comp l et ion of the addit ion of the metal  carbonyl  solution the react ion 
wa s a l l owed to  reflux for 90 min . The react ion was quenched by the add i -
t ion o f  1 m l  of water and cool ing down to room t emperature . A t  th is  t ime 
the appearance of the so lut ion changed from c l oudy to c l ear . The so lut ion 
was f i l t ered through a glass  frit l eaving a ye l l ow fi lm  adher ing to the 
wal l s  of the reac t ion flask . Thi s  has been ident ified as potas s ium 
tert .. butox i de . 6 The ye l l ow fi l  tratc was rotorvacuum dist i l led l eav_ ,,_g 
an o i ly residue . The residue was disso lved in dich l oromethanc ( 10 ml ) 
and extracted with wat er . The organ ic layer wa s then rotorvacuum 
dist i l l ed to a ye l l ow o i l . Purificat ion was ach ieved by severa l 
recrystal l i zat ion s . 1�e crude product was disso lved in a min ima l  
amount of dich l oromethane and methanol  (10 ml ) and coo l ed to 5°C . �is  
resulted  in  wh ite needl e - l ike crysta l s  (0 . 56 2  g ,  0 . 93 7  mmol , 4 7 . 6 %) of  
the des ired product (mp 1 24 ° - 1 25 ° ) .  
Analysis: Cal culated for c 2 2H26o4P2W: C ,  44 . 0%; H, 4 . 3 7%; 
P, 1 0 .3% .  Found  for c22H26o4P2W :  C ,  44 . 0 %; H ,  4 . 40%; P ,  1 0 . 3%. 
Infrared spectrum: vCO (CHC 1 3) 20 1 6  cm-
1 , 19 1 1 crn- 1 , 189 1  cm- l 
31p . magnetic resonance: 
oPR - 1.8 ppm (JWP = 220.8 Hz) ; 3 
cSPR H -5 . 1  ppm 2 
Jpp = 20 . 1  Hz . 
(JWP' 226 . 2 Hz) ; 
2 2  
(4) Preparat ion of c i s -tetracarbonyl�iphenylphosph inq(.liethylphenyl ­
phosphin1tungsten (0) , c is - (OC )  4 W ( PPhil )  (PEt lh ) . 
This comp l ex was prepared by the same procedure as  the tr iethyl -
phosphine subst ituted complex . After evaporat ion of the sol vent, a red 
oil  was obtained from the react ion of pentacarb onyl d iphcnyl phosph ine -
tungsten (O) ( 1 . 00 g, 1 . 96 rnmol ) ,  diethy l pheny l phosph ine (0 . 3 5  ml, 2 . 1  mmol )  
and pota s s ium ter�butox ide (0 . 20 g, 1 . 8 mmol ) .  After the previou s l y  
described work -up ( i . e . , extract ion and crysta l l i zat ion )  a mixture of 
red and white crystal s was obta ined . Th i s  mixture wa s separated OR a 
60 cm s i l ica  ge l  column u s ing a mixture of 90%  petrol eum ether (bp 35° -60°) 
and 10% ethyl acetate as  the e l ut ing  so lvent . A red band was eluted 
first . After evaporat ion of the so l vent, recrysta l l i zat ion from 
dichl oromethane  and methano l gave red crystal s (0 . 1 1  g, 0 . 11  nunol e, 1 1 %) 
of di-µ-dipheny lphosph ido-b i s (tetracarbonyltungsten ) ,  [ (OC) 4WPPh 2 ]2 
(dee 199 ; l it33 unmol ten at  350°) . The des ired produc t was e luted next . 
After removing the so l vent, recrysta l l i zat ion from dich l oromethane and 
methano l  produced wh ite crysta l s of  c is-(OC) 4W [ PPh2H] [ PEt 2Ph ] ( 0 . 4 98  g, 
0 . 757 mmol, 38 . 6 %)  (mp 1 14 - 1 1 5°C ) . 
p, 9 .  56 % .  Found for c 26H26o4P 2W :  C, 48 . 34 % ;  H ,  4 . 16 %; P, 9 . 69 % .  
Infrared Spectrum: v (CO)  
3 1 P magnetic  re sonance :  
(JWP 2 21 . 4 Hz ) ;  Jpp 1 8  . 3 H z . 
-1 - 1 - 1  (CHC13) 2 0 18 c m  , 1 9 16  c m  , 1896  cm 
6PR H 0 . 8 7 ppm (JWP 229 . 8  H z) ; 6PR 5 . 0  ppm 2 3 
(5)  Preparat ion of c is -tetracarbonyl�iphenylphosphin�thy l d iphcnyl ­
phosph in�tungstcn (0) ,  c i s-(OC)  4 W [PPhil] [ PEtPh2] .  
This c ompl ex was prepared by the same procedure used for the 
triethylphosph ine subst ituted c ompl ex . After the work-up of the 
reaction between pentacarbonyl d iphcnylphosph inetungst en (O) ( 1 . 00 g, 
23 
1 . 96 mmol ) , ethy l diphenylphosphine ( 0 . 50  ml , 2 . 3 rnmol ) , and potassium 
tert-butox ide (0 . 20g , 1 . 8  WJllolc)  a mixture of  red and wh ite c rysta l s  
was obta ined . Colunm chromatography was used  to separate the mixture in 
the same manner a s  described before . The first band produc ed red crystals 
of [ (OC) 4WPPh2 ] 2 (0 . 09 73 g ,  0 . 1 0 1  nunol , 1 1 . 0%) . The next ban d  resul ted  
in white needl e - l ike crysta l s  of  the des ired produc t c i s - (OC)  4 iV [PPhztl ] 
[PEtPh2 ] (0 . 549 g ,  0 .  788 rnmol , 40 . 2 %)  (rap 1 28 - 1 29°C ) . 
Analys is : Ca l cu l ated for c30H 26o4P2W ;  C ,  51.78% ;  H ,  3 . 77% ; 
P, 9 . 19% . Found for c30H26o4P2W; C ,  5 1 . 53%; H, 3 . 92 % ;  P ,  8 . 92 % .  
- 1  - 1  - 1 Infrared Spectrum : v (CO) (CHC l 3), 2023 cm , 19 2 2  c m  , 1 90 2 cm 
3 1p magnet ic resonance: QPR H 1 . 4 ppm (JWP 230 .  1 H z ) ; 
Q PR 2 3 
14. 1  ppm (JWP 2 25 . 9  Hz )  JPP 17 . 2  Hz . 
(6 ) Preparation of c is -tetracarbony�d iphenylphosphin�r ipheny l pho sph in9-
tungsten (O ) J (OC ) 4W ( PPh2H] [ PPh3 ] .  
This comp l ex wa s prepared by the same procedure used  for the 
triethy lphosph ine  subst ituted comp l ex .  Work-up of the reac t ion b etween 
the fol l owing compounds , pentacarbonyl diphenyl pho sph inetungsten (O) 
( 1 . 00 g,  1 . 96 mmol ) ,  tr iphenylphosph ine (0 .500 g ,  1 . 9 1  mmol ) , and 
potass ium tert -butox ide (0 . 20 g ,  1 . 8 nunol )  re su l ted in a mixture of  
red and white crysta l s . Upon separation by column chromatography 
[ (OC) 4WPPh2 ] 2 (0 . 1 0 1  g ,  0 . 1 05 mmol , 1 0 . 0%)  and c is - (OC ) 4W ( PPh2H ] [PPh3 ] 
(0 . 539 g ,  0 . 724 mmo l , 3 7 . 9%)  (mp 166°dec,l it
2 5  166° dee) were  obtained . 
( 7) Preparat ion of  cis -tetracarbonyl diphenylphosphinetriphenyl phosph in e ­
chromium (O), c is- (OC ) 4Cr ( PPh2H ]  ( PPh3 ] 
After the comp l et ion of the reaction between pentacarbonyl diphenyl -
phosphinechrom ium (O ) ( 1 . 1 1 g ,  3 . 1 7 nunol ) , triphenylphosph ine ( 0 . 900 g ,  
3.43 mmo l )  and potas s ium· tert-butoxide (0 . 20g , 1 . 8 nunol) 1 ml of wat er, 
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which was added to the reac t ion ves s e l  in the prev ious proc edures, was 
not added for this reac t ion . The c l oudy ye l l ow so lut ion wa s fil t ered 
through a g l a s s  frit and a ye l low prec ipitat e was col l ec t ed . After 
being exposed to  the a ir for a few minutes  the ye l l ow so l id turned 
green. It was recry s tal l i zed from dichl oromcthane and methan ol .  Not 
enough of th is  c ompound was obtained for both ana l ys i s  and spectra . 
3 1 The IR  and P spectra were obta ined . The resu l t s  indicated that the 
compound recovered was d i-µ-dipheny lphosphido -bis(tetracarbony l chromium) , 
[ (OC) 4CrPPh 2 ] 2 ( 0 . 065 g ,  0 . 093 mmo l , 5 . 9 %) (mp 2 25
° ) . The f i l trate  
was work ed up in the usual manner . From a c o l d mixture of 75 % methanol 
and 25% dichl oromethane green i sh yellow needle- l ik e  crystal s were re-
covered of c is - (OC ) 4Cr [ PPh2H] [ PPh3 ] ( 0. 702 g ,  1 . 1 5 mmol , 36 . 2 %)  (mp 149 - 1 50°) . 
Ana l y s i s : Ca l cu l ated  for c30u26o4P2Cr ; C ,  66 .7% ; H, 4 . 28% ; 
P, 10 . 1 1% . Found for c30H26o4P2Cr ; C ,  65 . 0%; H, 4 . 06 % ;  P ,  10 . 04 % .  
3 1P magnet ic re sonanc e :  [ (OC)4CrPPh2 ] 2 6272 ppm 
cis- (OC) 4Cr (PPh2H) (PPh3) cSPR 6 1 . 9 ppm, 
cS
PR H 46 . 7  ppm 3 2. 
Infrared spectrum : v (CO) (CH2c l 2 ) ,  [ (OC)4CrPPh2 ] 2 
-1 . "' i - 1  - 1  1961 cm ; � (OC) 4 W (PPh2.l ) (PPh3 ) ,  20 1 8  c m  , 1 920 cm , 
-1 2020 cm 
- 1 1905  cm 
(8 ) Preparation of cis -tetracarbony l�iphenyl phosphin�r iphenylphosphin�­
mol ybdenum(O) c is-(OC ) 4Mo( PPh2H ] (PPh3 ) .  
Pentacarbony ldipheny lphosph inemolybdeum (0 . 80 g ,  1 . 9  mmol ) ,  
triphenylphosph ine (1 . 1 1 g ,  4 . 2 mmo l ) and pota s s iumtert-but oxide 
(0 . 20 g ,  1 . 8 mmole ) were reac ted by the b efore -de scrib ed metho d . On 
the addit ion of 1 ml of water the col or of the solut ion went from brown 
to yel l ow-orange and a yel l ow brown prec ip itate fel l from solut ion . The 
sol id wa s col l ected by filtrat ion through a gla s s  frit . Upon standing in 
air the sol id  changed from yellow brown to dark brown (0 . 0 16 g) . The 
25 
infrared spectrum indicated that th is  was a mixture of two compounds .  
33 They were ident ified by c omparison to known spec tra as [ (OC ) 4MoPPh2 ] 2 
and c is - (OC ) 4Mo (PPh21I ) (PPh3) .  After work-up of the f i l t rate the des ired 
compound was obta ined by crystal l i zat ion from dich l oromethane and methanol 
as wh ite  n eedl e-l ike c rysta l s (0 . 2 1 7  g, 0.330mrnol , 17 . 4 % ) (mp 1 4 7°- 148°C ) . 
Analys i s : Ca l cu l ated for c 34H26o4P 2Mo; C, 6 2.2 1 %; H, 3.99%; 
P ,  9 . 44 % .  Found for c34H26o4P2Mo; C ,  6 2 . 10%; H, 4 . 06%; P ,  9 . 50% . 
Infrared spec trum: 
31p magnet ic resonance  oPR 41 . 8  ppm; o PR H 2 1 . 1  ppm 3 2 
(9 ) Preparat ion of  d i-µ-diphenyl pho sph ido-b i s (tetracarbonyl tungst en) 
[ (OC ) 4WP (Ph) 2 ] 2 
To have a sampl e for c ompar ison [ (OC ) 4WPPh2]2 wa s made by the 
method of Tre iche l and Dean .
35 In 2 00  ml of THF,pent acarbonyl­
diphenyl phosphinetungsten (0) ( 1 .  96 g, 3 . 84 mmo l )  was irradiated with 
- 1  C'.:l 
u l traviol et l ight for 2 hr . The so l vent wa s then removed and the re sidue 
chromatographed on a lumina . Hexane-chl oroform ( 4 : 1 ) e luted a red band 
which produced [ (OC ) 4WPPh2]2 ( 0 . 1 1 g, 0 .11 mmol ,  6%) . Th i s  c ompound 
was ident ified by compar ison of mel t in g  poin t  and infrared spec trum with 
the l it erature . 
C . Pernrutat ion s  of React ions  in Section B 
In an attempt to understand the condit ion s  that are required for 
the format ion of [ (OC) 4WPPh2 ] 2 the fol lowing react ion s  were carried out . 
(1 0) To see  i f  l ight had any bearin g  on the product s  a react ion 
simil ar to  #4 was performed . The on l y  difference was that the ent ire 
reaction apparatus was wrapped in foi l . Work-up of the reac t ion 
mixture resul t ed in a mixture of (OC) 4 W (PPhz1l )  (PEt2Ph) and [ (OC) 4 WPPh2 ] 2 
(vide infra ) . 
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( 1 1 )  Pentacarbonyl diphcnylphosphinetungsten ( 1 . 00 g, 1 . 96 mmol) , 
triphenylphosphine (0 . 50 g ,  1 . 9 1  mmo l ) and potas s ium tert-butoxide 
(0 . 20 g ,  1.8 mmol ) were a l l owed to  reac t in 50  ml of refluxing THF for 
3 hr . At the end of  the react ion t ime 1 ml of water was not added . 
From the fil trate c i s - (OC ) 4W [ PPh 2H] [PPh3 ] ( . 4 85 g ,  0 . 6 5 1  nunol , 34 . 2 %) 
was recovered .  A yel l ow sol id was recovered from the fr it . After 
approximat e ly  5 minutes  of being exposed to the a ir the ye l l ow so l id 
turned reddish brown (0 . 2 2 2  g) . The so l id was washed with dichl oromethane 
which gave [ (OC ) 4WPPh2 ] 2 (0 . 1 54 g ,  0.16  mmol , 1 6% ) . Simi l ar reac t ions 
were carried out with the other ter itary phosphines , w ith the exception 
of triethyl phosphine . For diethyl phenylphosphin e the results  were 24 %  of 
[(OC) 4WPPh2 ] 2 and 35%  of cis - (OC ) 4W [ PPhi"l ] [PEt2Ph] .  \V!len the ligand was 
ethyl diphenyl phosphine the resul t s  were 18 % [ (OC ) 4WP (Ph) 2 ] 2 and 37% 
cis - (OC ) 4W [ PPh2Hl [ PEtPh2l· 
( 1 2 ) A react ion s imil ar to  #6 was carried out with pentacarbonyl -
d iphenylphosph inetungsten (O) ( 1 . 00 g ,  1 . 96 mmol ) , tripheny lphosphine 
(3 . 0 g ,  1 1 . 4 mmol )  and potass ium tert -butox ide ( 0 . 20g , 1 . 8 nuno l ) . Work -
up of  the crude react ion mixture resul ted in white crysta l s  with a s l ight 
tinge of red . Purificat ion on a s il ica gel column yie lded [ (OC ) 4WPPh2]2 
(0.0009 g ,  9 x 1 0-4 mmol , 0 . 05% )  and ci s - (OC ) 4W [ PPh2H][PPh3] (0 . 650 g ,  
0.870mmo l , 44 . 3%). 
( 1 3) Us ing pentacarbonyl diphenylphosphinctungsten (O) ( 1 . 04 g ,  
2.04 nunol) , diethylphenylphosphine (0 . 35 ml , 2.16 mmol) , and potassium 
tert -butox ide (0 . 0230g , 0.205 mmol ) a reaction s imilar to #4 was performed . 
After 2! hr. an infrared spectrum was obtained of the crude react ion 
mixture. The spectrum indicated that no react ion had occurred . At  
th is t ime more potass ium-�-butox ide (0.070g , 0.62 nunol ) was added . 
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The reac t ion was then mon itored by infrared spec troscopy . Aft er 2 1 hr 
the react ion was worked up in the normal  mann er to yie l d  on l y  
( 1 4 )  A series  o f  experiments  were carried out where the rat io of 
potas s ium tert-butox ide to metal  carbonyl was  change d ,  whi l e the rat io 
of triphenylphosphine to meta l carbonyl rema ined constant . ·  
A 
B 
c 
PPh3 
1 . 93 mmol 
1 .  91 mmol 
1 . 9 1 mmol 
K · OBu - t  
1 . 9 7  mmol 1 . 84 mmol 
1 .  96 mmol 0.952  rnmol 
1 .  9 7  mmol 0 . 503  mmol 
Each of these reac t ion s was ident ical  to  procedure #6 . 111e work -up 
of A and B gave red o i l s wh ile C produced a ye l l ow oil . The o i l s were 
plac e  in a refrigerator for 24 hr . Next they were d i s s o l ved in dich l oro -
methane and a ye l l ow air- stab l e  compound fe l l from so l ut ion [A (0 . 1 73g) , 
B (0.0633 g) , C (0.11 2g ) ] . The infrared spectrum of the se  yel l ow compounds 
indicated they were the same . They were comb ined and purified by d i s -
solving in  methanol  and recrysta l l i z ing  with · dich l oromethan e .  Th i s  
compound was never identified. The elemental  ana lysis  indicated these  
values :  C, 32 . 62 % ;  H ,  1 . 40%  and P ,  4 . 8 7% with a molecu l ar weight of 
48 7  Th 3 1 p . } d 1 • e magnet ic resonance s 1owe no pea � s . The 3 1P spec trum of 
A was not obtained . 
3 1 The P spectrum of B indicated the presenc e of 
unident ified peak at o 1 0 0 . 4  ppn with JWP ( 275 . 8  Hz ) . 
3 1 The P spectrum 
of C wa s ident ical to B with the exc ept ion of no s i gnal  for [ (OC) 4 WPPh2 ] 2. 
The amount of c i s - (OC )  4 W (PPhzI-0 (PPh3) produced in B and C was approx imat ely  
the same . Th i s  was determined by  3 1 P  and IR . 
( 1 5 )  In reflux ing THF ( 25  ml ) pentacarbonyldiphcnyl phosph inetungstcn 
(0 . 526 g ,  1.03 mmo l )  and potassium-t ert butox ide (0 . 193  g ,  1 . 72 mmo l ) 
2 8  
were reacted for 24 hours . There was a yel l ow sol id  in the bottom of 
the flask wh ich was col l ec ted by fi l trat ion . Th i s  turned red on b e ing  
exposed to  the  a ir . The f i l trate was evaporated down to  a red o i l . 
This  was disso l ved in dichl orome thane and methanol  and cool ed  to  5°C . 
Red crystal s of  [ (OC )  4 WPPh2 ] 2 were recovered from the f lask . The sol  id 
that had changed co lor was dissolved in dichl oromethane and f i l t ered . 
A smal l amount of un ident ifiab l e brown crysta l s  was c o l l ected  from the 
fil ter . The fi l trate produc ed [ (OC ) 4WPPh2 ] 2 (total  0 . 34 3 g ,  0 . 355  mmo l , 
68 . 9%) . 
( 1 6 )  Triphenylphosphine ( 0 . 52 g ,  2 . 0  mmol ) ,  pentacarbonyl tr iphenyl -
phosphinetungsten (O) (0 . 90 g, 1 . 5 mmol )  and potass ium tert-butox ide 
(0 . 20 g ,  1 . 8 mmo l e )  were reac ted in reflux ing THF ( 30 ml ) for 4 hr . Infra -
red spectroscopy indicated that no react ion had taken p l ac e . 
( 1 7 )  Triphenylphosphine (0 . 788 g ;  3 . 00 mmol ) and hexacarbonyl 
tungsten (O ) ( 1 . 04 g ,  2 . 95 mmol )  were heated to  50° in TIIF ( 50 ml ) .  
After 19  h r  infrared spectroscopy ind icated n o  react ion had tak en p l ac e . 
An ident ical react ion was carried out with the addit ion of pota s s ium 
tert-butoxide ( 0 . 3 16  g ,  2 . 8 2 mmol ) . After 2 hr infrared and 
3 1P NMR 
spectroscopy indicated that the mono- sub s t ituted product  was formed in 
approximate l y  1 0 %  yiel d .  
O .  Attempts t o  I so l at e  An ionic Intermediat e s  
( 1 8 )  I n  refluxing THF (50 ml ) ,  pentacarbonyl diphenylphosphine-
+ -tungsten (O) (0 . 903 g ,  1 . 7 7 mmol ) , PPN C l  (0 . 82 2  g ,  1 . 43  mmol ) and 
potass ium tert -butoxide (0 . 200 g ,  1 . 78 mmol )  were st irred for 3 hr . 
The solut ion was fi l tered through a g lass  frit l eaving 0 . 1 2 g of  a white  
sol id . This  so l id was insolub l e  in  common organ ic solvent s .  A water  
+ 
solution gave a pos it ive flame test  for K and a pos it ive C l  test  when 
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treated with AgN03 • The fil trate was evaporated down to a ye llow o i l . 
The o i l  was disso l ved in e ither CHf 1 2 /C! I30H or CII2C l  /anhydrous 
(H3CCH2 J 20 to give yel l ow crysta l s  of  b i s (triphenylphosphine) imin ium­
µ-phosph ido-pentacarbonyl tungstcn t etracarbonyl diphenylphosph inetungsten 
Other attempts  at this  reac t ion produced  a mixture of two com-
pounds . When the oi l  from the crude reac t ion mixture was disso l ved in 
dichl oromethane and methano l> a yel l ow sol id was recovered . After a l l 
cyrstal s were c o l l ected, the fi l trat e was evaporated down to an o i l . 
After sitting for 2 week s the o i l  had turned crystal l ine . The two 
fract ions had ident ical IR ' s .  The amount of crude produc t recovered 
was 9 1 % .  Purificat ion o f  the mixture was achieved by chrorr.atography on 
a 3 - inch s i l ica gel  colurrm using SO/ SO CII3CN/Et 2o as the so l vent . When 
100 mg was pas sed through the column> 
SO mg of [ (CO) SWPPh2W (CO) 4PPhi1 J  [ PPN ] 
was recovered . No other fract ion was recovered . The other compound was 
thought to be [ (OC) SWPPh2W (CO) S] [ PPN] . To test  th is , a react ion was 
devised that wou l d  produce [ (OC) SWP (Ph ) 2W (C0) 5 ] ( PPN ] . Comparison of the 
product of reaction # 1 9  and the unknown product confirmed the ident ity 
of the compound as [ (OC ) 5WPPh2W (CO) S ] [ PPN ] . 
[ (OC) 5WPPh2W (C0) 4P (Ph)2H] [ PPN ] 
- 1  IR : v (CO)  (cm ) = 2056 , 2004 , 1 960 , 1 924 , 1 8 74 , 1 832  
P 31 6PPh -62 . 0 (JWP = 16 2 Hz )  2 
Jpp = 1 8 . 4 Hz  
6PPh H = 7 . 4 (JWP = 2 28 . 0 Hz)  2 
( 19 )  In SO ml of  THF , pentacarbonyl diphenylphosph inetungsten (O) 
(0 . 500 g ,  0 . 98 1  mmol )1 hexacarbonyl tungsten (O )  ( 0 . 64 5 g ,  1 . 83 mmol J . and 
potassium t ert -butox ide (0 . 1 04 g ,  0 . 92 9 mmol )  were refluxed for 1 hr . 
Th e  pal e  yel l ow solut ion was coo l ed to  room temperature and PPN +C l -
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(0 . 60 g ,  1 . 05 mmo l )  was added . After st irring for 3 hr the solut ion was 
gol den ye l l ow .  The solut ion was f i l t ered and 0 . 26 5  g o f  an off-wh ite  
powder was col l ected . The fi l trate was roto -evaporatcd down to an o i l . 
The o i l  was disso l ved in CH2C l / (H3c:H2C )  2o and y e l l ow cryst a l s were 
obtained .  Unreacted W (C0) 6 was sub l imed from these  crystal s and the 
rema ining solid  was rec rysta l l i ze d  from CH2C 1 2/ (II3CCH20) 2 .
' Th in - l ayer 
chromatography of  the  obtained crystal s indicated one compound was 
present . The compound wa s ident ified as  b i s (tripheny l phosph in e ) inunin ium-
µ -phosphido-b ipentacarbonyl tungsten [ (OC )  5WPPh2W (CO) 5 ] [ PPN ] . 
[0 . 746 g ,  0 . 54 mmol , 55 . 5% ]  (dee. 1 5 5°) 
Analysis : Ca lculated for c58H40No10P3w2 ; C ,  50 . 8 0 % ; H,  2 . 94 % .  
Found for c 581-140N01 0P3W2 ; C ,  50 . 80 % ; H ,  
2 . 93% . 
IR : v (CO) (CH2C l 2 ) = 1 8 7 7 ,  1 90 1 , 1934 , 1 963 , 205 1 ,  
2 064 cm- l 
p3 1 o -63 . 4 (Jl'/P = 168 . 4 Hz)  
( 20)  The iso l at ion of the d ian ion [ (OC ) 4WPPh2 ] 2 [PPN ] 2 wa s 
attempted . The yel l ow sol id that was recovered by fi l tration from 
+ -react ion # 1 5  was added to deaerated dich l oromethane solut ion of PPN Cl  • 
This was a l l carried out in a g l ove bag under n itrogen . The ye l l ow 
sol id did not disso l ve . The sol vent was then removed under high vacuum 
and deaerated aceton itri le  wa s added . The so l id went into so lut ion and 
the solution turned red . Th i s  was evaporat ed to an o i l  and disso l ved 
in dichl oromethane and methan o l . Crystal s  of [ (OC ) 4 WPPh2 ] 2 were 
col l ected first . After further treatment of the fi l trate with CH 2Cl /CH30H 
[ (OC) 5WPPh2W (C0) 4PPh2H] [ PPN ] was recovered . No [ (OC ) 4WPPh2 J 2 [ P PN] 2 
wa s recovered . 
Resu l ts & Dis cuss i on · 
Resu l t s  and Discuss ion 
The method25  proposed by Ke iter et . a l . to  prepare c i s ­
(OC) 4W (PPh2H) ( PPh3) comp l exes  was invest igated in a series  of reac t ion s . 
It wa s found that the method was capab l e  of produc ing moderate yi e l ds 
(45%)  of the de s ired comp l ex under the appropr iat e condit ions . The  
method con s i sted  of  a two- step synthes i s . The first step requ ired the 
synthes i s  of  (OC ) 5��Ph2H .  Th i s  was ach ieved in h igh y ie l ds (94 %)  by 
employ ing the photolyt ic method of Strohmier . 56 The next step requ ired 
the deprotonat ion of (OC ) 5
WPPh2H with potass ium !_-butox ide . The resu l t ing 
an ion fac i l itat e s  the rep lacement of a carbonyl c i s  t o  the secon dary 
phosph ine with a tert iary pho sph ine . 
TIIF PPh 2H 
hv ) [ (CC )  5WTHF ] ------t) (CC )  5wPPh2H 
(OC ) 5WPPh2B + 
It  was postu l ated  from this method that the comp l ex c is - (OC ) 4W (PPh2H) (PR3 ) 
would  be recovered as  the predominant product . Th i s  was based on earl ier 
resu l t s  where (OC) 5WPPh 2H ,  PPh3, and KOBu-!_ were reacted  in equa l mol ar 
rat ios to  g ive c is - (OC ) 4W (PPh2H) ( PPh3 ) ( 55%)  as  the on ly i sol ated 
product .  In thi s  work a c l o ser examinat ion showed that a mixture of 
products  was produced . When the react ion was worked up) a mixture of  
c is - (OC) 4W [ PPh2H] [ PPh3 ] and [ (OC )  4 WPPh2 ] 2 was obta ined . In retrospect 
the occurence  of the other product ,  ( (OC ) 4WPPh2 ] 2 was not surpri s ing . 
React ions of thiol s ,  disul fide s , and hydrogen sul fide s  with meta l  
carbonyl s  to form sul fur-bridged c omp l exes  have been we l l  studied . 6
5 
Since phosphorus and sul fur are adj acent e l ements  in the periodic tab l e , 
they are expected to have s imilar s i ze  and el ectroncgat ivity . I t  might 
3 1 
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al so be expected that organopho sphorus and organosul fur reagen t s  wil l 
react simi l arly with metal  carbonyl comp l exes . In both cases  the 
format ion of bridged compounds have been ob served . For instance  
Tre iche l  and Dean35 reported on the dimerizat ion of generated meta l 
phosphide spec ies  (M = Mn ,  Fe , Cr , Mo , W) . An example of this  is  
i l lustrated in the fol l owing react ion . 
+ 2L iBr 
Due to  the generat ion of the phosph i de -br idged s i de product ,  
[ (OC ) 4WP Ph2 ] 2 , th is  research took on several  addit iona l task s ,  wh ich 
were to determine factors that wou l d  help  e l uc idate the mechan ism for 
the format ion of [ (OC ) 4WPPh2 ] 2 " Th i s  research can be brok en down into  
these  general  areas . 
1 )  Synthesis  an d characteri zat ion o f  c i s - (OC ) 4W (PPh2H) ( PEt3 ) ,  
c is - (OC ) 4W (PPh 2H) (PEt 2Ph 3 ), c is - (OC ) 4 W (PPhil )  (PEtPh 2 ) , 
c is - (OC) 4 W (PPhil )  (PPh3), c is - (OC )  4Mo (PPh2H) (P Ph3 ) , 
c is - (OC ) 4Cr (PPh2H) (PPh3) 
2 )  Study of reaction condit ion s  that might contribute  to  the 
format ion of [ (OC )  4WPPh2 ] 2 . 
3) I so lat ion of po ssib l e  int ermediates . 
The same experimental procedure was used for the synthesis  of  
the various c i s - (OC ) 4M (PPh2H) (PR3) c omp l exes  with the except ion of  
cis - (OC ) 4cr (PPhil) ( PPh3) r For the chromit,tm complex ,  wa ter was not  
added pr ior to  the  in it ial work -up . The experimental proce dures for 
al l the comp l exes are detai l ed in react ions 3 -S · of the experimental  sec -
tion . Thi s  method of synthes iz ing the tungsten and mo lybdenum c ompl exes 
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was not the most  effic ient procedure . In the maj ority of the reac t ion s 
with thi s  method , [ (OC) 4MPPh2 ] 2 was recovered as  a s ide product .  Th i s  
procedure was a suitab l e  method,  but improvement s  cou l d  be  made on i t , 
which wil l  be discussed  l ater in the text . Since a l l the tungsten 
comp l exes were prepared by the same method , thi s  gave a conunon bas i s  
for the compar ison of  the effect o f  changing PR3 on the outc ome of the 
react ion . Tab l e  I tabu l at e s  the y ie l ds of the var ious reac t ion s al ong 
with other phys ical  data . With the except ion of  PEt 3 there seems to 
be no effect on the produc t s  due to  the changing of the l igand . For 
the synthe s i s  of the comp l ex c i s - (OC ) 4W (PPh2H) ( PEt3 ) it  was noted 
that dimeri zat ion does  not occur to  any apprec iab l e  extent . Th i s  coul d 
be  rat ional i zed  as  a competit ion for the coordinat ion s ite  of the 
intermediate between the l igan d ,  (PR3) and the gen erated  an ion , 
A react ion between the an ion and the metal carbonyl 
int ermediate wil l eventual ly resu l t  in [ (OC) 4WPPh2 ] 2 . When the steric 
requ irement for the inc oming l igand  was smal l ,  such a s  the case  for 
PEt3 , the rate of format ion of c i s - (OC ) 4W (PPh2H) (PR3 ) dominates  over 
the format ion of [ (OC ) 4 WPPh2 ] 2 . Increas ing the steric requ irement 
of the l igand by exchanging the ethyl sub st ituents  for pheny l  r ings  
wou l d  decrease the  rate  of format ion for c is - (OC ) 4W (PPh2H) (PPh3 ) thus 
al l owing the reac t ion b etween the an ion and the metal  carbonyl inter­
mediate to become an observab l e  pathway . Another obs ervation from 
Tab l e  I is the l ow y ie l d  for c is - (OC ) 4Mo (PPh2H) (PPh3) .  The synthes i s  
o f  th i s  comp l ex was just  attempted  once . The l ow y ie l d  was attributed  
to  the l ow qual ity of start ing  materia l , (OC) 5MoPPh2H. If  start ing  
material of h igh pur ity were u sed and reac t ion condit ion s  were 
idea l i zed . The yiel d of the molybdenum comp l ex shou l d  approach that 
of the tungsten comp l exes . 
Tab l e  I 
Preparati ve Data for ci s- (OC ) 4M ( PPh2H } ( PR3 ) Compounds 
Y I ELD COLOR mp [ (OC ) 4MPh2J 2 
( % )  
( oC ) ( % ) 
ci s- (OC }4W (PPh2H ) (PEt3 ) 47 . 6  whi te 1 24- 125 0 
ci s- ( OC )4W ( PPh2H ) ( PEt2Ph ) 38 . 6 wh i te 1 14- 1 15 1 1  
�� . .  
. ci s- ( OC ) 4W ( PPh2H ) ( PEtPh2 ) 40 . 2  wh i te 1 28- 129 1 1 
� � 
ei s- ( OC ) 4W ( PPh2H ) ( PPh3 ) 37 . 9 wh i te 1 66�dec . 10 
ci s- (OC ) 4Mo ( PP h2H ) (PPh3 ) 17 . 4 wh i te 147- 148 trace 
�- ( OC ) 4C r ( PPh2H ) (PPh3 ) · 36 . 2 green 149- 1 50 3 
35 
Characteri zat ion of c i s - (OC ) 4M (PPh2H) (PR3) comp l exes  was 
1 3 1 accompl ished by H-nmr ,  P -nrnr , I R  and e l emental  analys is . The 
proton nmr spectra of these  compounds are found in F i gures 3 - 5 
with the except ion of c is - (OC ) 4M (PPhlI )  (PPh3 ) (M = Cr , Mo , W) . 1hese  
spec tra were obtained but were not of  reproduc ib l e  qua l ity due to the 
very inten se  s ignal  for the phenyl protons . The proton nrnr spectra 
of the other comp l exes (where PR3 # PPh3) were straightforward , show­
ing comp l icated patterns for a lkyl  and aryl protons . Th e  comp l icat ion 
arises  from c oup l in g  of the pho sphorus nuc l e i  to  the nuc l e i  of  the 
J 
proton s . The proton attached  to the secondary phosph in e gave r i s e  to  a 
s igna l  c on s ist ing of a pair of doub l et s . Th i s  was due t o  the proton 
coup l ing to  both phosphorus  nuc l e i .  The distance  between l in e s  of a 
3 s ing l e doub l et i s  JPH (8Hz ) .  Th i s  agrees  with other reported va lues  
f 3J f h 
. . 66 or PH rom t e 1 1terature . The distance between the pair of 
doub l et s  is JPH (330 H z ) . Th is a l so  agrees  with report ed va lues  of 
JPH for metal  comp l exes with secondary phosph ines .
35 There seemed to 
be no apprec iab l e  effect on 3JPH or JPH by increas ing the e l ectronega ­
t ivity of the substituent group or changing the c entral metal . The 
resul t s  are compi l ed  in  Tabl e I I . 
3 1 F igure s  (6- 1 0 )  are the P -nmr spectra of the c i s -
(OC) 4M (PPh2H) (PR3) compoun ds . These  compounds contain two nonequival ent 
' 
3 1p 1 · 1 . . AX f nuc e i ,  resu t ing 1n a typ e  o spectrum . 3 1 The se  P -nmr spec tra 
consist  of a pair of doub l et s . Fortunate ly  tungsten has a 14 . 3% 
abundanc e of the 183 isotope  wh ich has a nuc l ear sp in of one - ha l f .  
This  i sotope causes spl itt ing  of the phosphorus resonanc e s igna l  due 
to coupl ing of the 1
83w and 3 1 P nuc l e i . Thus ·the total · 3 1 P -nmr 
spectrum (when M = W) wi l l  con sist  of a pair of l arge doub l e t s  with 
Tabl e I I  
Proton nmr Data for ci s- ( OC ) 4M ( PPh2..0CPR3 ) Compounds 
0 JPH  
3 
J PH 
( "pm )  (\.\ z )  ( Hz )  
ci s- (OC )4W{PPh2H ) (PEt3 ) 7 . 5 ,  7 . 3  (mul ti p l et )  6 . 8 ,  6 . 1  ( doubl et )  332 . 9  7 . 3 1 . 6 , 0 �'14 {qu i n tet ) 
. .  
ci s- (OC ) 4W (PPh2H ) (PEt2Ph ) 7 . 3 ,  2 . 1  (mul ti p l et ) 6 . 1 ,  5 . 3  ( doubl et )  331 . 8  8 . 6  0 . 95 (qui nte t )  
c 1 s-(OC ) 4W ( PPh2H )  ( P EtPh2 ) 2 . 4 (mul t i p l et ) 6 . 3 , · 4 . 7  ( doub l et )  334. 7 7 . 9 0 . 96 ( qu i ntet ) 
� 
ci s- (OC ) 4W ( PPh2H ) ( PPh3 ) 7 . 3 (mul t ip l et ) 6 . 5 ,  5 . 0  ( doub l et )  334 . 0 8 . 0  
°' 
. 1; : . 
ci s- ( C0 ) 4Mo (PPh2H ) ( PPh3 ) 6 . 0 ,  5 . 1 { doub l et )  3
22 . 6  7 . 5 
ci s- ( OC ) 4Cr ( PPh2H ) ( PPh3 ) 7 . 4 (mu l ti p l et )  5 . 9 , �5 . 0  (doub l et ) 322 . 0  8 . 3 
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Tab l e I I I  
- �hosphorus-31 nmr Data for c1 s- ( OC ) 4M (PPh2H ) ( PR3 ) Compounds 
0PPh
J
H JWP 0PR JWI, Jpp 
I 
( pp ) ( Hz )' ( pp� ) ( Hz ) 'Hz ) 
c1 s- (OC ) 4R(PR�2f«PEt3 }  -4 .8  . 226 . 2  .:. 1 . 8  220 . 8  20 . 1 
c 1 s- (OC ) 4W ( PPh2H ) ( PEt2Ph ) 0 . 87 229 . 8  5 . 0  2 2 1 . 4  18 . 3 
c 1 s- ( OC ) 4W ( PPh2H ) ( PEtPh2 ) 1 . 4  230 . 1 14. 1  225 . 9  17 . 2 � 0. 
c 1 s- ( OC ) 4W ( PPh2H ) ( PPh3 ) _: 3 �  1 22 9 . 6 24. 0 2 30 . 9  1 7 . 0 
c 1 s- (OC ) 4Mo ( PPh2H ) { PPh3 ) 2 1 . 1 41 . 8 2 2 . 0 
c 1 s- { OC ) 4Cr ( PPh2H ) ( PPh3 ) 46 . 7  61 . 9  29 . 6 
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each of these  doub l et s  being fl anked by a pa ir of smal l  doublet s . The 
separat ion between each pa ir of sma l l doub l et s i s  JWP wh i l e  the separ­
ation between l ines  in any s ing l e  doub l et i s  Jpp • The chemica l shift s 
and ab solute coup l ing  con stan t s  are compi l ed in Tab l e  I I I. 
The chemica l  shift s  of the free phosphines , PPh3 , PEt Ph2 , 
PEt 2Ph , PEt 3 , and PPh zI-1 are - 6 . 1 ,  - 1 1 . 3 , - 1 7 . 1 ,  -
2 1 . 0 ,  an d -4 0 . 9  ppm, 
respect ive l y . The chemical  sh ifts of the coordinated pho sphine s were 
shifted  downfie l d  re lat ive to the uncoordinated phosph ines . Th i s  
phenomenon has been exp l a ified b y  a decrease  in the e l ectron den s ity 
on the free pho sph ine upon coord inat ion . Th i s  resul t s  from the s igma 
bond  formed between the metal  and phosphorus atom by the donat ion of 
the l one e l ectron pa ir on the phosphorus atom to  the met a l . A decrease 
of e l ectron dens ity on the pho sphoru s  atom wi l l cause a decrea se in 
shiel ding  of the phosphoru s  nuc l eus  thus moving  the 3 1 P-chemic al  sh ift 
to  a down.fiel d  posit ion . I t  has been shown that JWP values  are 
dependent upon the sub s t ituen t s  on phosphorus and thes e  values  inc rease 
1 . . f h b . . 6 0 , 6 1 as e ectron egat 1v1ty o t e su s t 1tuen t s  increase . In th i s  series  
of compounds as  the  e l ectron egat ivity increased ( PEt3 � PPh3 ) the 
value of JWP (PR3) increased from 2 2 1 Hz (PEt �) to 23 1 Hz (PPh3 ) .  The 
values of JWP (PPh2H) rema ined con stant . Th i s  indicated that a second 
coord inated phosphine l igand does not to a great extent influence the 
va lue of JWP of the other coordinated phosph ine l igan d . I t  a l so has 
been previou s l y  shown that chemica l  sh ift s of comp l exes  move to upf ie l d  
posit i�ns with increa s ing atomic weigh t s  of the metal atom in the 
62 comp l ex .  Therefore1 it  was not surpris ing that the chemical  shi ft s  
of the c is - (OC )  5M (PPh 21-I) (PPh3) comp l exes · moved upfi e l d in the fol l ow ing 
metal order : Cr<Mo<W .  Al so the nature of the met a l  atom p l ay s  a rol e 
in determining the magn itude of 
2
Jpp ' It  ha s been reported that 
4 7 
2J ' decrease s with increa s ing atomic we ight of the c entral metal for PP 
c is - sub st ituted hexacarbonyl s  of group 6B metal s . 59 Thi s  trend wa s al so 
observed in our c omp l exe s . 
The carbonyl stretching modes for metal carbonyl  compounds 
g ive rise  to  very strong absorpt ion ba..1.ds in the infrared region from 
2 100- 1 700  cm- l A compound of the var iety , (OC ) 5ML has c4v synunctry 
and three bands 2 (A1 , A1 , E )  are expected  in the carbonyl stretch ing 
region of the infrared spectrum . For a compound of  the type 
c i s - (OC ) 4�1LL 1  with C s symrn�try four bands (
1A ,  2A , 1 B ,  2B) are expected 
in the infrared spectrum . F igure 1 1  shows a compos it e of the in frared 
i l lustrate s  the b enefits  of obtain ing the infrared as a method to 
mon itor the extent  of the react ion . As a react ion proc eeded  the band  
- 1  at 2070 cm due t o  start ing material , (OC ) 5WPPh 2H wou l d  decrea se  in 
int en s ity whi l e  the band at 202 0 crn-
l 
wh ich arises  from 
c i s - (OC )  4 l•J (PPh 2H)  (PPh3) wou l d  increase in intens ity . The expanded 
infrared spectra of the carbonyl stretching reg ion for the new com-
pounds are i l lustrated in F igures  ( 1 2 - 16 )  and stretch ing  frequenc ie s 
are l isted  in Tab l e  IV . These  values agreed with other c is -
b t . t  t d d t d i" n the l i" terature . 7 , 2 2 , 58 su s i u e compoun s repor e These  values 
lA - 1  were a s s igned the fo l l owing symmetry c la s s ification s : ( 2 020 c m  ) ,  
2A ( l 9 15 cm- 1 ) and 1 s ( 1 900 cm- 1 ) .  The fourth frequency predic t ed by 
2 group theory has B symmetry and shou l d  appear at - 1  1890  c m  • Th i s  
- 1 would  appear as  a shoul der on the peak at 1 900 cm but due to  an 
instrumental  mal funct ion of the infrared spectrometer the peak at  
- 1 
. 
1 900 cm had what appeared to be  s everal shoulders . So no  conc lus ive 
assignment was attempted . 
48 
Fi g .  1 1  (ompos f te i nfrared s pectrum 
compos ed �f ( OC ) 5ML & cf s- ( OC ) 4ML2 
-.. 
-i I ' 
I ' 
t " l I 
I I I ' 
I I 
l r 
I ' 
I 
I l· 
j ' l . • l I 
� ( 
( 
__ .;. .;. _ _  (OC ) 5ML 
22\10 2060 i8bo 
49 
Tabl e IV 
I nfrared Data of the Carbonyl Stretch i nq R eg i on 
of Group 6 Meta l Carbonyl Deri va t i ves 
v {cm- 1 ) 
2016 . 1 1 9 1 1 .  3 
2018 . 1 1 9 1 5 . 7  
2023 . 0  1922 . 4 
2028 . 3 1 9 1 4 . 2  
2018 . 2 1 920 . 4  
2033 . 8  1 9 57 . 4  
203� . 3  1963 ; 4  
. : .. .  
2020 . 1 196 1 . 0 
1 890 . 8  
1 89 5 . 9  
1 90 1 .  6 
1 887 . 7 
1 905 . 4  
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· Ff g. 12 Expa nded i nfra red s pec trum of 
.£!.2.- (0C )4W(PPh2H ) ( PEt3 ) 
2016 
1891 
2018 
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Fi g .  13 Expa nded i nfra red s pectrum o f  
�-{OC )4W ( PPh2H ) (PEt2Ph ) 
1896 
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Fi g .  14  fxpa nded i nfrared s pectrum of 
· c i s�OC ) 4W { PPh2H J (PEtPh2 J 
1896 
53 
Fi g . 15 expanded i n fra red s pectrum of 
·�- (OC )4Mo (PPh2H) (PPh3 ) 
2028 
1888 
1914 
54 
Ff g . 1 6 � Expanded i n fra red s pectrum of 
. .  ·fil- (OC } 4Cr (PPh2H ) {PPh3 ) J .. · , :.. . .. . '...J 
201 8. 
1 920' 
1905 
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Up to this  po int it  may appear that the ident ity of the s ide 
product ,  [ (OC )  i'1PPh2 ] 2 was ascertained inunediat el y . In actual ity the 
ident ity of the compound was unknown for a year . Various struc tures 
were postul ated but the e l emental  anal y s i s  and spectra measurement s  
were not conclus ive . On e  of the · postu l ated 
structures  was [ (OC) 4MPPh2 ] 2 . For comparison purpose s , a samp l e  of 
[ (OC ) 4WPPh2 ] 2 was prepared by Dean ' s  method . When the mel t ing  po in t s  
o f  our samp l e  and the authent ic sampl e of [ (OC )  4WPPh 2 ] 2 were c ompared, 
a smal l difference was noted . In the or iginal synthes is of th i s  
33 compound Chatt  s imply  states  that the compound remain s  unmo l t en at 
350 ° . Our samp l e  al so rema ined unmo l ten but decompos it ion occured at 
200 °  ( ±5 ° ) . The decompos it ion wa s a s l ight discol orat ion from red to 
brown . This s l ight change in hue made it difficu l t t o  j udge the 
exact po int of decompo s it ion . The confirming fac tor was the compar ison 
of the infrared spec tra . The infrared spectrum of the unknown compound 
obtained from the react ion s  contain ing tungsten as  the c entra l  metal 
compared favorab ly with the samp l e  o f  [ (OC ) 4WPPh2 ] 2 . Tab l e  IV l i s t s  
the frequencies  obtained from t h e  infrared spectra ( F ig . 1 7- 19 )  o f  the 
three different br idg ing comp l exes  [ (OC ) 4MPPh2 ] 2 (M = C r , Mo , W) . The 
molybdenum comp l ex was n ever iso lated  in high purity . The existence  of 
[ (OC) 4MoP Ph2 ] 2 was proven by agreement of the infrared spectrum with 
reported l iterature value s . 33 The infrared spectrum (F i g .  18 ) shows 
theory con s iderat ion s four bands wou l d  be predicted for the carbonyl 
region of the infrared spectrum of the [ (OC) 4MPPh2 ] 2 comp l exes , but 
only two bands were ob served . This  difference has been exp l a ined by 
63 acc idental  degeneracy . Braterman confirmed the overl ap of peak s  
by us ing high-resolut ion techn iques which resol ved the band at l ower 
56 
Fi g .  17 Expanded i nfrared s pectrum of 
[ (OC) 4WPPh2 ) ] 2  
2032 
Fi g .  18 I nfrared spectrum of 
[ (OC ) 4MoPPh2] 2 & c1 s- ( OC ) 4M
o (PPh2H ) ( PPh3 ) 
1963 * 
202a · ... 
1911S 
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Fi g .  1 9  Expanded i nfrared s pectrum of  
f '  ( (OG ) 4crPP�2!� 
20 0 
19 
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frequency into three dist inct bands . When comparing the band at h igh 
frequency for the three different bridg ing phosphido metal comp l exes  
i t  was noted that the trend  vMo = v W  > vCr ex ist s . This  same trend i s  
preva l ent  i n  other series of s imi lar comp l exes . For exampl e ,  when 
33 Chatt prepared [ (OC ) 4MPR2 ] 2 (M : Cr ,  Mo , W ;  R :  Me , Et)  the chromium 
comp l exes  in these series  were a l ways sh i fted to l ower frequency . 
The comp l exes  [ (OC )  4MPPh 2 ] 2 contain both magnet ica l l y  and chel!lica l ly 
3 1 equ ival ent phosphorus atoms , so  therefore the prot on decoup l ed P -nmr spec -
trum cons isted  of a s ingl e peak (exc luding sate l l ite s ) . The chromium compl ex 
has a s i gnal  at 2 72 ppm whi l e  the tungsten compl ex has a s i gnal  at 1 80 
ppm with JWP ( 1 62 Hz ) . These  va lues compare sat i factory with known 
l iterature va lues . 64 The spectrum of  the mo lybdenum compl ex was not 
obtained . (Figure 20 - 2 1 ) . 
Attempt ing t o  increase the y i e l d  of  the des ired c i s -
(OC) 4M (PPh2H) (PR3 ) c omp l exes  and reduce the amount of  the bridging 
comp l ex ,  modification s  in the experimental  proc edure were performed . 
These are deta i l ed in the experimental  sect ion . At any one t ime on l y  
one reaction variab l e  was al tered . The modifications that did not 
improve on the yiel ds of  the final  products  were exc lus ion of  l ight from 
the react i on vessel , l ength of react ion t ime and temperature of react ion . 
I t  was determined (vide Lnfra) that th'e most advantageous react i on t ime 
was two hours . After two hours there was no  apprec iab l e  change in the 
rat io of final  product s  to  start ing materia l . The react ion wou l d  not 
proceed to  the c i s - (OC )  4M (PPh2I I)  (PR3 ) product at temperatures l es s  than 
55 ° even with a 72 hr react ion t ime . At this l ower temperature there 
The most sign ificant a l terat ion that affect ed the y ie l d  was 
changing the ratio  of start ing materia l s . A react ion (see  1 2  of experi-
60 
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mental  sect ion )  was carried with a 1 : 5 : 1  moi e ratio  of  W (C0) 5PPh2H 
to  PPh3 to KOBu-.!_. lb.is  is  in contrast with the previous experiments  
which cons isted of a 1 : 1 : 1  mol e  rat io of start ing materia l s .  1b.c work­
up of the react ion produced a trace of [ (OC) 4WPPh2 ] 2 and an increase of 
8% in the yie l d  of (OC ) 4W (PPh2H) (PPh3) when compared with the reac t ion 
consist ing  of  a 1 : 1 : 1  mol e  rat io of start ing materia l s .  1b.e drawback 
that arises from th i s  method is having  to separat e the exc e s s  PPh3 from 
the final product . lb.is  was ach ieved by column chromatography . lb. i s  
separat ion prob l em woul d b e  e l iminated i f  the l igand  o f  cho ice  wou l d  
not c o-prec ipitate with the produc t . 1b.e modificat ion of varying the 
ratio  of metal  carbonyl to l igand was never pursued . The opt imal  rat io 
most l ikely  wil l b e  dependent on the cho ice of l igand . To con firm th is , 
the synthes i s  of c is - (OC ) 4W (PPh2H) (PEt 3) can be used as  an examp l e . I t  
was shown that 1 : 1  mol e  rat io o f  W (C0) 5PPh2H to PEt 3 produce d  no  
[ (OC ) 4WPPh2 ] 2 , whi l e  the l igand P Ph3 required a 1 : 5 mol e  rat io of 
W (C0) 5PPh2H to  PPh3 . Both of these  experiments  were done under the same 
condit ion s  with the on ly  variab l e  change being the rat io  of  s tart ing  
material s .  1b.e central metal  may a l so p l ay a rol e  in determin ing the 
amount of [ (OC ) 4MPPh2] 2 formed in a react ion when the rat io of s tarting 
materia l s  i s  adjusted . 1b.e synthesis  o f  c is - (OC )  llo (PPh 2H) (PPh3) 
ut i l i zed a mol e  rat io of 1 : 2 for Mo (C0) 5PPh2H to  PPh3 . From th is  react ion 
a trace of [ (OC ) 4MoPPh2 ] 2 was recovered . 1b.e amount of  the bridg ing 
spec i e s  compares favorab l y  with the resul ts  of the synthesis  of the 
tungsten ana l ouge wh ich required a 1 : 5 mol e  rat io of meta l  carbonyl to 
l igand . 1b.is  indicates that the central metal  may p l ay a role  in the 
extent  of the format ion of [ (OC ) l1PPh2 ] 2 • Us ing  mol yb denum a sma l l er 
exc e s s  of  l igand was required to  ach ieve the des ired outcome of  l e s s  
[ (OC) 4MPPh2 ] 2 • Tungsten required a mol e  rat io twice that of mo lybdenum 
63 
to achieve the same re su l t s . No firm conc lus ion s  shou l d be drawn from 
these two exper iment s due to the l ack of other exper imen t s  and due to l ow 
pur ity of the mo lybdenum start ing material  wh ich was al l uded to earl ier . 
From experience ,  it shoul d be noted the amotL11t  of [ (OC )  4MoPPh2 ] 2 
recovered was l es s  than the amount that was expected even cons idering 
the l ow purity start ing mater ia l . 
React ant rat ios of KOBu-t  and (OC ) 5WPPh2H were a l so adj usted . 
To test if any beneficial  gain s  woul d resul t from thi s  adj ustment a 
react ion was performed which con s isted  of a 1 0 : 1 : 1 0 mo l e  rat io of 
(OC) 5WPPh2H to KOBu-!_ to  PEt 2Ph ( see  # 1 3 of experimenta l ) . A two -hour 
reac t ion d id not yie ld  any observab l e  c i s - (OC ) 4W (PPh2H) ( PEt 2Ph) (vide 
infra ) .  Increas ing the quant ity of KOBu-!_ to  give a final  reactant  
rat io of 2 : 1 : 2 and al l owing the  reac t ion to cont inue for 2 ! hours 
resu l ted in an isol ated y i e l d  of 33% for c i s - (OC ) 4W (PPh2H) (PEt 2Ph) . No 
format ion of [ (OC ) 4lVPPh2 ] 2 was noted . Til i s  one exper iment ind icates  the 
pos s ib il ity of a connect ion between th e degree o f  format ion of the fina l 
product s  and the quant ity of KOBu -!_ emp l oyed . This connec t ion is  best  
recogn i zed when the  resu l t s  of a s imil ar experiment are  examined . The 
isol ated y ie l d  of c is - (OC ) 4W (PPh2H) (PEt 2Ph )  was 39% when the mo l ar rat io 
of start in g  materia l s was 1 :  1 :  1 .  From the same react ion the bridgin g  
meta l  compound was recovered i n  a 11%  y ie l d . The apparent outcome 
from decreas in g  the amount of KOBu -!_ by 50% wa s a decrea s e  of 6% for 
c i s - (OC ) 4W (PPh2H) (PEt 2Ph) and the e l iminat ion of the s ide -produc t ,  
[ (OC) 4WPPh2 ] 2 • 
To further examine the dependence  of the final  produc t s  on the 
amount of KOBu -t a series of react ions were inve st igated ( se e  # 14 of 
experimental ) . The three react ion s examined were ident ica l  with re spect 
to al l the react ion con dit ion s exc ept for mol ar rat ios of s tart ing 
64 
material s .  The reac t ions were carried out in which the rat io of 
(OC) 5WPPh2H to KOBu-_! was varied but the rat io of  (OC ) 5WPPh2H to PPh3 
was he l d  con stant . The rat ios of metal  carb onyl to  base in these  
experimen t s  were 1 : 1  (B . R . 1 ) , 2 : 1  (B . R . 2 ) ,  and 4 : 1  (B . R . 4 ) (note : B . R . 1 
refers to  the react ion in wh ich a 1 : 1  mol ar rat io was ut i l i zed . Thi s  
notat ion wil l be  used henceforth in thi s  discu s s ion ) . Work -up of 
B . R . 1  and B . R . 2 gave a red o i l  wh i l e  B . R . 4 afforded a ye l l ow o i l . The s e  
o i l s  were disso l ved in equal quan t it ies  of CH2c 1 2 . Th e  volume was hel d 
constan t  so that a re l iab l e  comparison of  the extent of the reac t ion s  
coul d b e  made from infrared ana l y s i s . The reac t i on s  B . R . 2 and B . R . 4  
gave the same rat io of c i s - (OC ) 4W (PPh2H) (PPh3) t o  (OC ) 5WPPh 2H from 
infrared anal ysis . The rat io of the c i s  product to (OC ) 5WPPh 2H for 
B . R . 1 was greater than the resul t s  for B . R . 2  an d B . R . 4 . Th i s  indicat e s  
that in terms o f  overal l product s  B . R . 1 went further toward comp l et ion 
than B . R . 2  or B . R . 4 . Assuming the yie l d  that woul d be obtained from 
B . R . 1 to be 40%  the infrared spectrum of B . R . 2 and B . R . 4  in compar i -
son with B . R . 1 indicates  a spectroscop ic yiel d of 30% . As suming a y i e l d  
for B .R.1 wa s based on the experienc e ga ined from the work -up o f  prior 
synthet ic attempt s of c i s - (OC ) 4W (PPh2H) (PPh3) , s ix attemp t s  at this  
react ion a l ways produced isol ated yiel ds in  the range of 40%  with a 
varying degree of s ide-produc t s . After obtain ing the infrared spectra 
the s olut ions of B . R . 1 ,  B . R . 2 and B.R . 4  were evaporated to  an oil and 
stored at 1 0 °  for 24 hours . Aft er the 24 hour per iod the o i l s were 
red i s so l ved  in CHf 1 2 to examine for any change in the rat io of 
product s  and start ing mat eria l (vide infra) . Infrared ana l y s i s  
estab l ished that no  change occurred i n  the proport ion s of 
cis - (OC ) 4W (PPh2H) and (OC ) 5WPPh2H .  At this  t ime yel l ow sol ids fel l 
from each of  the solution s . The individual sol ids were i dent ica l  
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Tabl e V 
Ass i gnments of S i gna l s for 31P-nmr Spectrum of BR4 
L I NE # CHEMICAL SH I FT 
( ppm ) 
1 100. 5 
2 29 . 4  
3 21 . 0  
4 2 . 5  
5 - 6 . 1 
6 - 14 . 4  
7 -41 . 1  
8 - 65 . 2 
ASS IGNMENT 
unknown 
0 
II 
PPh2H 
a 
. ' ci s- (OC ) 4W ( PPh2H ) ( PP h 3 ) b 
. .  c 1 s- (OC ) 4W ( PP h2H ) ( P Ph 3 )  b 
PPh 3 c 
( OC ) 5WP Ph2H b 
PPh H c 2 
K [ ( OC ) 5WPP h 2W ( C 0 ) 5 ] 
. . . . .  . . .  
d 
a )  G .  Mavel i n  "Annual Reports on NMR Spectroscopy " , E .  F .  Mooney , 
Ed. , Academi c Press , London , 1 973 ,  p 187 .  
b )  R .  L .  Kei ter , Y .  Y .  Sun , J .  W . Brodack , and L .  W.  Ca ry �  J �  Am . 
Chem.  Soc . , 1 01_, 2638 ( 1 979 ) . 
c )  L .  Ma i er ,  G .  M .  Kosol apoff ,  •organi c Phosphorus Chemi s try" , 
2nd ed , Vol 1 ,  Wi l ey Intersc i ence , New York , N .  Y . , 1 972 , pp  1 1 5- 1 30 .  
d )  Reported in  th i s  work . 
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(vide in fra ) so they were c omb ined . The CHf 1 2 supernatant were 
reduced in volume to an oil again . Phosphoru s -3 1 nmr of B . R . 2 and B . R . 4 
were obtained . The spect ra were iden t ical  exc ept for a s i gn a l  for 
[ (OC ) 4l\1PPh2 ] 2 wh ich was pre sent in B . R . 2 . The spec trum for B . R . 4 
(Fig . 2 2) i s  presented here with the a s s ignment s  l i sted in Tab l e  V .  
Ass ignments  were made by c ompar ison with known va l ue s  wh ich are referenced 
in Tab l e  V .  There is  one una s s igned s ignal  at 1 0 0 . 5 ppm . When the gain 
was increased  it was apparent th is  s igna l  was a s ing l et with tungsten 
satel l it e s  (JWP = 2 76 H z ) . The c ompound that c orre sponds t o  th i s  s igna l  
has not been isol ated . 
Before d i scu s s ing the re su l t s  obtained from the 
3 1 P nmr of 
B . R . 2 an d B . R . 4 , the previous l y  ment ioned yel l ow s o l i d  wi l l  be d i scus sed . 
The sol id  was recrystal l i zed an d the purity wa s eva l uated with th in -
l ayer chromatography . The crysta l s  were j udged to  be  a s ing l e c ompound 
from the the resu l t s  of the chromatography . The infrared spec trum 
(Fig . 2 3) showed two bands occuring at 1 936 and 1 8 8 6  crn- 1 . The most 
perp l ex ing part in the attempted iden t ificat ion of th i s  compound was 
1 the H-nmr spectrum (Fig . 24 ) .  Thi s  showed one s ign a l  at 2 . 2 ppm . Thi s  
s igna l  has the chemical  shift expected for a !_-butox ide group . Th ere 
was no s igna l  in the phenyl region even with the ga in turne d  to 200 . 
The l ack of phenyl protons indicates that there is  n o  phosphorus present . 
The phosphines uti l i zed  in these  react ions were e ither PPh2H or PPh3 • 
Since both of these  con s ist of a phenyl r ing attached to  phosphorus , 
the l ack of  any evidenc e  of phenyl protons al so sign ifies  the absence 
of phosphorus . The e l ementa l anal ys i s  c ontributed a C : l l : P  rat io of 
1 9 : 9 : 1  and a mol ecul ar weight of 48 7 .  The 3 1 P nmr showed s ignal s on l y  
for start ing materia l s . These perp l exing resul t s  were not unrave l ed 
and needl ess  to  say the ident ity of the c ompany was not estab l i shed . 
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3 1 From the P nmr spectra of B . R . 2 and  B . R . 4 it  c an be  c onc luded 
that as  the quant ity of KOBu-t  is decrea sed the amount of [ (OC ) 4WPPh 2 ] 2 
wil l d imin ish wh i l e the amount of c i s - ( OC ) 4W [ P Ph z11] [ PPh3 ] wil l remain 
e ssen t ial l y  constant . Reac t ion s s imi l ar to B . R . 1 produc ed  i s o l ated 
yiel ds of  1 1 %  for [ (OC ) 4WPPh2 ] 2 wh i l e  for B . R . 4  it was not  ob served . 
Even though no isolated yie l ds c an be  reporte d  for B . R . 2 a s imil ar 
react i on for the synth e s i s  of c i s - (OC ) 4C r (PPh 2H) (PPh3 ) pre s en t s  resu l t s  
that are in agreement with the expec ted  re sul t s . Th e  resu l t s  obt a ined  
were midway between B . R . 1  and B . R . 4 . With a rat io of 1 . 75 : 1  for 
(OC) 5crPPh z11 to base an isolated  y i e l d of 5% was recovered for 
[ (OC ) 4CrPPh2 ] 2 . No discuss ion of the i so l ated  y i e lds  of c i s -
( OC )  4 W (PPh z1l) ( PPh3 ) can be  att empted . Decreas ing the amount o f  base  
did cause a s l ight dec rease ( 10 %) in  the spec trosc op ic y i e l d . Other 
react ion variab l es coul d be  a l t ered whi l e  reduc ing the amount of base 
which might l ead to an enhanced product ion of c i s - (OC ) 4W (PPh2H) (PPh3) .  
The most promis in g  variab l e  wou l d  b e  reac t ion t ime . Even though a 
two -hour react ion t ime was suitab l e  for react ion s with a 1 : 1  mo l ar 
rat io , the reac t ion l en gth may have t o  be  increased  for reac t ion s with 
mo l ar rat ios of s tart in g  material greater than one .  Thi s  suggest ion is  
based on the quan t ity of  unreact e d  (OC) 5WPPh2H that was evident in  the 
infrared spectra of the comp l eted react ion s  B . R . 2 and B . R . 4 � 
I t  i s  interesting to  note that no [ (OC ) 4WPPh2 ] 2 resu l t e d  when 
a 1 : 1  rat io of base to PEt 3 was used . Th i s  same resu l t  was a l so 
obs erved when a rat io of 1 : 2 base to PEt 2Ph and 1 : 4 for base to PPh3 
was used . No f irm c onc lus ion s  can be  drawn from these  reac t ions due to 
the l imited scope of the experimen t s . A reasonab l e  expl anat i on 
revo l ve s  around the l ik e l y  interme d iate s  (XV , X I X , XX) . 
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A square pyramidal intermediat e with L in the equatorial  posit ion ha s 
been shown to be more stab l e  than the spec ies  with L in the ax ial  pos i ­
t ion . 66 Al so , sub stan t i a l  evidence h a s  been pre sented  that s ixteen 
val ence  e l ectron pentacoordinate met a l  carbonyl s  and derivat iv e s  exh ibit  
square pyramidal rather than trigona l b ipyramida l geometry ,  b oth in 
1 . d . . . 66 so ut ion an in inert matr ic e s . As the quant ity of b a s e  increa s e s , 
the conc entrat ion of XV wi l l  a l s o  increase . At some po in t  XV wil l be 
c ompet ing with L for the vacant coordinat ion s ite of XIX or XX . 'Th i s  
l eads to  the product ion o f  [ (OC ) 4WPPh2 ] 2 . I f  the amoun t of base i s  
dec reased  the rel at ive concentrat ion of L wil l be greater than XV . 'Th i s  
al l ows the format ion of c i s - ( OC ) 4W (PPh 2H) (PR3 ) more readi l y  than the 
format ion of  the bridged spec ies . The amount o f  base  requ ired to curb 
the product ion of [ (OC ) 4WPPh2 ] 2 a l s o  seems to b e  dependent on the cho ic e 
of l igand . Previou s l y  a s teric argument was invok ed to expl a in this  
phenomen on . Another exp l anat ion i s  that PEt3 i s  a better  nuc l eoph i l e 
than PPh3 and may c ompete better with XV for a vacan t  coordinat ion s ite . 
Th i s  woul d  exp l a in why the produc t ion of [ (OC ) 4WPPh2 ] 2 i s  l e s s  favored 
as a lkyl  groups are sub s t itut e d  for phenyl groups on pho sphorus . 
Prior to the discus sion of  the an ion ic intermediate s  it is  
appropriate t o  po int out the experimenta l  observa t i on s  that l ed t o  the 
postul at ion of the ir ex i s t enc e . The propos ed mechan ism t o  account for 
the product ion of c i s - (OC ) 4W (PPh2H) (PPh3) as out l ine d in the int roduc t ion 
inc l ude s [ (OC) 5WPPh2]
- as an in t ermediat e . Tre iche 1 3 5  reported that 
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deprotonat ion of (OC ) 5WPPh2H with butyl l ithium to  g ive (OC ) 5WPPh2 L i  
resul t s  in a decrease in carbonyl stretching frequenc ies  b y  30 - 50 cm- l  
Th is ob servat ion was noted in our work as  we l l .  Further evidence of 
a react ion between the base and (OC ) 5WPPh2H was the sudden change in 
col or of the so lut ion when the two were mixed . Another intermediate 
- 2 discussed in the introduct ion was [ (OC ) 4WPPh2 ] 2 • As the ·reac t ion 
between (OC ) 5\VPPh 2H ,  PR3 and base proceeded a yel l ow sol id  prec ipitated 
from solution . Exposure of the yel l ow so l id to  a ir for five minutes  
resulted  in  a dramat ic col or change l eading to a red  so l id . Recrystal l i -
zation of the red sol i d  produc ed the neutra l comp l ex [ (OC ) 4WPPh2 ] 2 . 
There has been a s imi l ar occurence  reported in the l iterature by Col lman . 6 7  
He reported the preparation o f  Na2 [ (0C ) 3FePPh2 ] 2 b y  an e l ectrochemical  
method . Upon exposure to  air thi s  compl ex quick ly reverted back to 
[ (OC) 3FePPh2 ] 2 with a s imi l ar co l or change . Our d ian ion , [ (OC ) 4WPPh2 ] ;
2 , 
was destroyed by water . When water was added to  quench the reac t i on , 
the yel l ow sol id  quick l y  dissolved . This  was not surpris ing , s ince  the 
dian ion woul d be  a good nuc l eoph i l e  and it wou l d  be  expected  to  react 
with water . The fol l owing  scheme predic t s  what may be  occurring . 
H 0 
2 ) 2 KOH + 
2 (OC ) 4WPPh2H 
From the propos ed scheme an increase  in the product wou l d  be  expected  
from the react ion s that have water added . This ·  woul d be  · due to a l igand 
react ing with an unsaturated intermediate .  Comparing  y ie l ds of react ions  
) 
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where water was not added with react ions quenched by wat er an increase  
of the c is product was observed . 1he resu l t  that was obtained from 
comparing  s ix pa irs of react ion s  was an increase of �4 % in the c i s -
product • .  Each react ion o f  a pa ir was identical  to  the other except for 
the addit ion of water in the work -up . 1he choic e  of l igands did  not 
play a maj or role  in the observe d increase . React ions done with e ither 
PPh3 , PEt 2Ph , or PEtPh2 a l l had an increase  of �4 % for c is ­
(OC) 4W (PPh2H) (PR3) .  A pos s ib l e  way to  test  this  hypothesis  wou l d  be 
- 2 to  a l l ow [ (OC )  4 WPPh2 ] 2 to  react with water in the presence  of a ligand . 
1he format ion of c i s - (OC ) 4W (PPh2H) L woul d add support to  th i s  scheme . 
1his was not  attempted . 
- 2 It  was postu l at ed that [ (OC ) 4WPPh2 ] 2 might  be  obtained from the 
react ion of (OC ) 5WPPh2H ,  KOBu -!_ and [ P PN ] C l . From attempts  of th is  
react ion a yel l ow so l id was recovered . 1h in - l ayer chromatography indicated  
the presenc e of at l east two compounds . Separat ion was ach ieved by 
colur.m chromatography . 1he two pure c ompounds obta ined  were postu l ated  
t o  have the structures of XX I and XXI I .  
Ph2 
[ PPN] ):t/p"-k 
I' /I 
XXI 
[ PPN] 
Ph2 
> t/ p"-!< 
I '  / l  • p Ph2H 
XXI I  
1he fol l owing discus s ion wil l  demonstrate how the postulated structures 
corre late  with the spec tral informat ion . 
1he infrared spectra of these two compounds , (XX I , XXI I )  are 
interest ing (F ig . 25 a ,b )  and the frequenc ie s are tabul ated in Tab l e  4 . 
Figure 2Sb i s  of comp l ex XX I I . S ince thi s  c ompound c on sists  of two 
moiet ies , a tetracarbonyl part and pentacarbonyl  part , the infrared 
a )  
2064 
205 1 
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Fi g . 25 Expanded � nfrared s pectrum of 
a )  [PPN] [ (OC ) 5WPPh2W ( C0 ) 5J b )  [PPN] [ (OC ) 5WPPh2W ( C0 ) 4PPh2HJ 
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. spectrum wou l d  be expected to  res emb l e  a c ompos it e  spec tra c on s ist ing 
of (OC ) 5ML and c i s - (OC ) 4�1L 2 . Indeed on in spect ion of the spectrum 
(Fig . 25b ) , the two fragment s  can be  detected . Frequenc ies were revea l ed 
that help distinguish between (OC ) 5ML and c i s - (OC ) 4MI, 2 in an earl ier 
discu s sion on the infrared spectra of  the c i s - (OC ) 4M (PPh2H) (PR3) 
compl exe s . The maj or difference in (OC ) 5ML an d c i s - (OC ) 4ML2 l ie s  in 
the characterist ic bands at  h igher energy . The pentacarbonyl has an 
absorpt ion at �2070 cm
- 1
• Both of thes e  frequencies  are ob served in 
the spec trum of XXI I . The other ob served frequenc ies  are grouped  in 
- 1  - !  the range , 1 930 cm t o  1 860  c m  • This  range i s  a l so  encompa s sed  by 
(XX I ) . Due to  th i s  compound con s ist ing of two pentacarbonyl s  j o ined 
by a s ingl e  phosphido bridge , it wou l d  be expect ed that the infrared 
spectra of XXI  and (OC ) 5WPPh 2H shou l d  re semb l e  each other . The spec trum 
of XX l ook s l ike two spectra of (OC ) 5WPPh 2H wh ich are s l ight ly  shifted 
off-center . The s l ight  deviat ion indicates  that the synunetry of the 
carbonyl s  on the different tungsten s  are not the same . Instead of an 
overl app ing of s igna l s they are resol ved into t wo different  sets . Th is 
type of spectrum has been ob served in sul fur bridged tungsten carbonyl s  
54 of the type [W2 (C0) 10SR] [ PPN] . 
Figure 26 i s  the 31 P-nmr spectJ,Um of compound XXI . The spectrum 
con s ists  of a s ingl et ( -63 . 5 ppm) with JWP �qual to 168 . 7  Hz . The 
proton -c oupled 3 1 P -nmr spectrum of thi s  compl ex was a l so  run to  estab l ish 
that there was no  P - H  bond pre sent . The resul t s  of  the coupl ed spec trum 
indicated  the presence of no P -H bond  • The spectrum on first g l ance 
does not confirm the structure of XX I .  The an ion [ (OC ) 5wPPh2 ]
- wou l d  
have a s imil ar spectrum . The d ifference in the spectra of XX I and 
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. [ (OC )  5WPPh2 r wi l l  be in the inten s ity of the tungsten satel l ites . 
The calculat ion for [ (OC ) 5WPPh2 ]
- i s  presented here . Since 18 3w i s  
14 . 28%  abundant the two sate l l ites  wil l b e  14 . 28 %  o f  the total int en s ity 
of the three l ines . This makes  the inner s igna l 8 5 . 72 % ( 1 - 14 . 28 )  of 
the total . Each of the satel l ites  wil l be  one ha l f  of  the 14 . 28 % 
mak ing  each sate l l ite  7 . 14 % of the total . Th i s  g ives an int en s ity 
rat io  of 0 . 0 7 14 : 0 .  8 5 72 : 0 . 07 14 or 1 : 1 2 : 1 .  Cal cul at ion of  the inten s it ie s  
of XX I i s  more comp l icated due t o  the pre s ence  o f  the two metal s .  Th i s  
1 83  resu l t s  in three pos s ib i l i t i e s  for the  p l ac ement of W .  They are 
[ (OC) 5
1 83WPPh/83W (CO) 5 r ( 2 . 04 % ) , [ (QC ) 5 183WPPh2W (CO) 5 ] - ( 24 . 48 %) , 
. and  [ (OC ) 5WPPh 2W (C0) 5 ]
- ( 73 . 48 %) . The int en s ity rat io of the resu l t ing 
spectrum woul d be  1 : 5 . 9 : 1 .  The ob served int en s ity of  XX I i s  1 : 5 . 2 : 1 . 
Th i s  ru l e s  out [ (OC ) 5WPPh2 ]
- a s  a pos s ib l e  struc ture . 3 1 TI1e P-nmr 
spectrum of  [ PPN ] [ (OC ) 5WPPhW (C0) 4PPh 2H ]  can b e  found in F igure 2 7 .  Th i s  
i s  con s i stent with the propo sed struc ture . The downfi e l d  doub l et appeared 
at 7 . 4  ppm (JWP = 22 7 Hz) and the upfie l d  doub l et was at -6 1 . 9  ppm 
2 (JWP = 163 Hz) . The value for JPP is  1 8 . 4 Hz . The magn itude of  
2Jpp ' and JWP gives an indicat ion of the  geometry of the  compound . I t  
has been shown that coupl ing con stant s for the c i s  isomer a r e  l e s s  than 
the values  for the trans isomer s  for group VIB  metal c ompl exe s . In a 
58 series  of  compounds reported by "heat l and  the range of JWP was 
2 2 0 - 2 30 Hz for the c i s  i somer . The range found for the trans isomer 
was 265 - 2 75 Hz . These are not meant to  b e  inc lus ive ranges but j ust 
a sampl ing to demon strate the difference  in the cis and trans isomers . 
I t  was shown earl ier that for c i s - (OC ) 4W (PPh2H) (PR3) compounds  the 
constants  are JPP ' 20  Hz  and JWP 
2 25 Hz . .The values are s imil ar to the 
values obtained for XX I I .  This indicates from con s iderat ion of  JWP 
that 
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. the downfie l d  doublet  corre sponds to the terminal PPh2H and from the 
value of 2Jpp ' it is s ituated c i s  to  the other phosphorus . To 
demon strate that the s ignal  at 7 . 4 ppm was due to PPh2H the hydrogen 
3 1  coupl ed P nmr spectrum was obtained . The phosphorus -hydrogen 
coupl ing  was indeed ob served (Fig . 28 ) .  The s ignal  was spl it  (JPH 3
25 . 2 Hz , 
3 JPH 6 . 4 Hz)  e stab l ish ing  the pre sence of coordinat ed  PPh2lL The other 
pho sphorus has a chemical  shift s imi lar to the value  found for the bridg-
ing phosphorus of XX I .  The values  of JWP for XX I and XX I I  are con s i stent  
with the  value of JWP for ( (OC ) 4WPPh2 ] 2 . Th i s  indicates  that doub l et at 
-6 1 . 9  ppm corre sponds to  a bridging pho sphido . The chemica l shift 
for PPN was 1 9 . 7 ppm for both XX I and XX I I . 
3 1 I t  wil l be apparent from examin ing the P -nmr spect rum of XX I I  
not a l l  the reported coupl ing constants  were obta ined from th is  spectrum . 
The val ues  were obtained from a series  of spectra , due to  in strumental  
artifact s  appearing in  the regions of interest . 
I t  was found that XX I coul d b e  synthes i zed from (OC ) 5WPPh2H ,  
KOBu-t  and W (C0) 6 . The spectra obtained from th is  react ion were ident i ­
c a l  to the spectra that were attributed  to  XX I .  Even though the 
spectral  evidenc e support s the postu l ated  structures the capp ing t ouch 
is a perfect e l emental ana lys i s . Thi s  was accompl ished after a c oup l e  
o f  fa l se start s . Th e  e l emental l ab a t  the Un ivers ity o f  I l l inois  gave 
resul t s  with l ow carbon values . 
33 It  has been reported in the l iterature 
that phosphido -bridged spec ies g ive l ow carbon values . Using spec ial  
techn iques , Galbra ith Laboratories  was ab l e  to provide a suitab l e  
ana lys i s for XX I .  The other c ompound ,  XX I I ,  presented the same prob l em .  
Analy s i s  of th is  compound was j ust performed by the Un ivers ity of 
I l l ino i s . This account s for the poor correl at ion between the ob served 
and actua l values . 
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From the in itia l  experiment wh ich produced XX I I  i t  woul d b e  
reasonab l e  t o  as sume that XX I I  was the in it ial product and XX I is  pro-
duced  from the decompos it ion of XX I I .  Th i s  is  based on the decompos it ion 
3 1  o f  a pure samp l e  o f  XX I I  as  seen from P -nmr measuremen t s . In itial l y  
3 1  the P -nmr spectrum indicated the pre sence o f  on l y  XX I I .  After two 
days the 3 1P -nmr of the same solut ion contained the s i gna l s  for both 
XX I I  and XX I . The remarkab l e  stabi l ity of XX I was not ed in several 
exper imenta l ob servat ions . When a mixture of 30%  XX I and 70%  XX I I was 
st irred in reflux ing THF for 26h , the on l y  produc t s  obtained were 50 %  
XX I and a t race amount of un ident ifiab l e  brown so l id . The stab i l ity 
of XX I was a l so noted  in the base rat io studies . The o i l s were 'in 
3 1 contact with the atmosphere several t ime s and the P -nmr spectra st i l l 
showed the pre sence of XX I ,  thus indicat ing  the air stab i l ity of the 
comp l ex . 
From this l engthy di scuss ion not one ment ion of  the dian ion 
- 2 [ (OC ) 4l\TPPh2 ] 2 has yet been made because at th is  po int  in the re search . 
its ex istence had not been estab l ished . To obt a in hard evidenc e for 
this  spec ies required o2 free condit ions and sea l ed NMR tubes . The 
yel l ow sol  id that prec ipitated from solution as  the react ion proc eeded 
was co l l ected in  a g l ove box . Th is  so l id was though to be K2 [ (0C ) 4WPPh2 ] 2 . 
The e l emental  ana lysis  has not b een obtained for the compound . The 
assignment has been made based whol ly on the spectra l  data . 3 1  The P -nmr 
(F ig . 29 )  is a s ing l et with a chemica l  shift of -99 . 2 ppm (JWP 1 56 Hz) . 
The value for JWP i s in the range observed for our other bridging 
phosphines . The most compel l ing bit  of ev idence is  the infrared spect rum 
(Fig . 30) . Comparing its strik ing resemb l ance to spectra of s imi l a r  
68 compounds ; e . g . , [ (OC ) 4CrPEt 2 ] 2 prepared in solut ion by e l ectrochemical  
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methods strongly support s our ass ignment . The first attempts  to isolate  
+ th is dianion a s  a P PN sa l t  were un successfu l . Further attempt s  are in 
progress . 
The who l e  premi se of the mechan ism presented in the introduct ion 
i s  base on [ (OC ) 5tVPPh2 ] - . To examine the necess ity of  th is  an ion a 
react ion involving (OC ) 5WPPh3 , PPh3 and KOBu-!_ was performed . Th i s  
react ion was c arr ied out in a manner ident ical to  the synthe s i s  of 
c is - (OC) 4W (PPhif) (PPh3) .  No c is product was obta ined from th is  reac t ion . 
Th i s  demonstrated the need for the coordinated secondary phosph ine and 
ru l e s  out the attack of a carbony l by the ba se . The attack of carbony l 
by the base  has been po stul at ed in the synthe s i s  of some c is sub st ituted 
69 compl exes . The first attempt to  i so l ate  [ (OC ) 5WPPh 2 ] wa s done by 
st irr ing (OC ) 5WPPh 2H ,  [ PPN ] C l  and KOBu-!_ at room t emperature for two 
hours . · The on ly  isol ated product was [ PPN ] [ (OC )  5WPPh2W (CO)  5 ] . Sinc e 
the extent of the equil ibrium between HOBu-!_ and -0-Bu -!_ was not known , 
a reac t ion us ing KH as the base was tr ied . .  The reason for thi s  i s  as  
fo l l ows : When H removes the proton from (OC ) 5WPPh 2H , H2 gas is 
evo l ved , and this  evolut ion drive s the react ion to  the right . The 
isol ated product from this  react ion was a l so  [PPN ]  [ ( OC )  5WPPh 2\'l (CO)  5 ] .  
The fol lowing scheme shows some of the react ion pathways which 
shoul d be  considered in the react ion of  base with (OC ) 5WPPh2H in the 
presence of L .  
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Brown and Bel lus69  have specul ated that c is l ab i l i zat ion proc eeds 
by the  interact ion of base at the carbonyl carbon . The interac t ion of 
the carbon with base may weaken the metal carbon bond such that c l eavage 
occurs l eaving a vacant c oordinat ion s ite . We have exp l ored this 
pos s ib il ity by examin ing the react ion of (OC ) 5WPPh3 with PPh3 in the 
presence of KOBu-!_. Condit ions  ident ical to  those  used for the preparat ion 
of c i s - (OC) 4W (PPhz1"0 (PPh3) were empl oyed . Start ing materia l s were re­
covered which suggest s that step A i s  not important in our reac t ion . I t  
shoul d be  noted , however ,  that changes  in e � ectron dens ity on the metal  
have a very s ignificant influence on react ion s  of th is  type . When we 
repeated the above experiment with W (C0) 6 in the presence of KOBu - t  and 
PPh3 , (OC ) 5l\TPPh3 was readi ly  obtained . Without ba se  the reac t ion does  
not  proceed . The evidenc e for the formation of (OC ) 5WPPh2 a s  po inted 
out ear l ier i s  strong . I t  i s  un l ike ly  that thi s  spec ies  coul d l ose  
PPh2 as  shown in step C .  Th i s  was  rul ed out s inc e the  expec ted  product 
(OC ) 5WL was never ob served . A pseudorotat ional mechan ism wh ich moves 
PPh2 to  an axial  pos it ion of the square pyramid int ermediate must  a l so 
be  rul ed out . This  mechan i sm woul d be  expected to generat e the tran s 
isomer which was never observed . 
Pathway D supports the experimenta l f indings . The y ie l d  of the 
c i s  product is dependent· on the conc entrat ion of L and KOBu-t . Min imi z ing 
the quant ity of KOBu-!_ or max imi z ing the amount of  L reduces  the format ion 
of the s ide product [ (OC ) 4WPPh2 ] 2 • 
Recogn i zing that [ (QC) 5WPPh2 ] i s  a good nuc l eophi l e  enab l e s  us  
to propos e  a mechan i sm for the format ion of  XXI , XX I I , and 
[ (OC) 4WPPh2 ] 2 • This is  summarized in the fol l owing scheme . 
+ 
-CO 
base - CO 
= 
8 7 
+CO 
) 
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As can be seen by this scheme , the reac t ion 
is  a po s s ib l e  pathway . 'Ih i s  exp l a in s  the presence of [ (OC ) 4WPPh 2 ] 2 as  
a s ide product in the synthes i s  of the c i s - (OC ) 4W (PPh2H) (PR3 ) compl exe s . 
'Ihe reac t ion as  described  above in the equat ion can be  used a s  a route 
t o  obt a in [ (OC ) 4WPPh 2 ] 2 in y ie l ds of 65% . 'Ihis i s  trip l e  the y ie l d  
reported for the other procedures  wh ich were discussed in the introduc t ion .  
'Ihe current direct ion of  th i s  re search invol ves  the react ivity 
of the dian ion [ (OC )  4 WPPh2 ] 2 - • 
and CH2 I 2 w i l l g ive XX I I I . 
70 - 2 Pett it ha? reported that (Fe (C0) 8 ] 
H 
/' 
(OC) 3Fe - Fe (CO) 3 
l><t 
0 
XX I I I  
Compl exe s  wh ich possess  a CH2 group bridging two bonded meta l  atoms are 
of int ere st because of the ir re l a t ionship t o  methy l en e  groups on met a l  
surfac e s  in heterogeneous reac t ion s . I t  is our hope that an ident ical 
react ion can be  carried out with [ (OC) 4wPPh2 ] 2 = and [ (OC)  5WPPh2W (CO) 5 ] - • 
We a l s o  plan to inves t igate the reac t ion of thes e  an ion s with other sma l l 
mol ecu l e s , for exampl e ,  H2 , CH2=CH2 , ICHfH2I .  
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